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1
SPHINGOMONAS STRAINS PRODUCING
GREATLY INCREASED YIELD OF
PHB-DEFICIENT SPHINGAN (DIUTAN)

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a divisional application of U.S. appli-
cation Ser. No. 12/533,649 filed Jul. 31, 2009 entitled “Sp#h-
ingomonas Strains Producing Greatly Increased Yield of
PHB-Deficient Sphingan (Diutan),” which application is
related to U.S. application Ser. No. 11/264,268 entitled “High
Viscosity Diutan Gums,” filed Nov. 1, 2005, now pending,
and U.S. application Ser. No. 11/292,366 entitled “Mutant
bacterial strains of the genus Sphingomonas deficient in pro-
duction of polyhydroxybutyrate and a process of clarification
of sphingans and compositions thereof,” filed Dec. 2, 2005,
now pending, which is a divisional of U.S. application Ser.
No. 09/798,642, filed Mar. 2, 2001, now pending, which
claims the benefit of provisional application U.S. Application
No. 60/186,433, filed Mar. 2, 2000, which are hereby incor-
porated by reference in their entireties to the extent that they
are not inconsistent with the disclosure herein.

The sequence listing in the file named “684920705000.txt”
having a size of 179,295 bytes that was created Jul. 31, 2009
is hereby incorporated by reference in its entirety.

BACKGROUND

1. Field of the Art

This application generally relates to the construction of
PHB-deficient Sphingomonas strains that produce high
yields of diutan with improved filterability. In another aspect,
this application relates to diutan produced from PHB-defi-
cient Sphingomonas strains that produce high yields of diutan
with improved filterability.

2. Description of Related Art

A number of bacteria of the genus Sphingomonas produce
polysaccharides called sphingans that have related structures
with a generally conserved tetrasaccharide backbone struc-
ture and different side chains (ref. no. 1, 6, 7, 8, 10). The
sphingans gellan, welan, rhamsan and diutan are produced
commercially for use in food, oilfield or personal care appli-
cations. The value of sphingan polysaccharides lies in their
abilities to modify the rheology of aqueous solutions, i.e., to
thicken liquids, suspend solids, stabilize emulsions, or form
gels and films.

Sphingans are structurally related to one another, but are
not identical. Common members of the genus Sphingomonas
and the sphingans they produce include Sphingomonas elo-
dea ATCC 31461, which produces gellan (S-60); Sphingomo-
nas sp. ATCC 31555, which produces welan (S-130); Sphin-
gomonas sp. ATCC 31961, which produces rhamsan (S-194);
Sphingomonas sp. ATCC 53159, which produces diutan
(8-657); Sphingomonas sp. ATCC 31554, which produces an
as yet unnamed polysaccharide (S-88); Sphingomonas sp.
ATCC 31853, which produces an as yet unnamed polysac-
charide (S-198); Sphingomonas sp. ATCC 21423, which pro-
duces an as yet unnamed polysaccharide (S-7); Sphingomo-
nas sp. ATCC 53272, which produces an as yet unnamed
polysaccharide (NW-11); Sphingomonas sp. FERM-BP2015
(previously Alcaligenes latus B-16), which produces alcalan
(Biopolymer B-16) and the like. A description of the Sphin-
gomonads and the polysaccharides they produce can be
found, for example, in U.S. Pat. Nos. 4,377,636; 4,326,053;
4,326,052 and 4,385,123 (for ATCC 31461 and its S-60
polysaccharide); in U.S. Pat. No. 4,342,866 (for ATCC 31555
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and S-130); in U.S. Pat. No. 4,401,760 (for ATCC 31961 and
S-194); in U.S. Pat. No. 5,175,278 (for ATCC 53159 and
S-657);in U.S. Pat. Nos. 4,331,440 and 4,535,153 (for ATCC
31554 and S-88);in U.S. Pat. No. 4,529,797 (for ATCC 31853
and S-198); in U.S. Pat. No. 3,960,832 (for ATCC 21423 and
S-7); in U.S. Pat. No. 4,874,044 (for ATCC 53272 and
NW-11); in U.S. Pat. No. 5,175,279 (for FERM BP-2015 and
B-16), each of which is incorporated by reference herein in its
entirety to the extent that they are not inconsistent with the
disclosure herein.

One particular sphingan, diutan (also known as het-
eropolysaccharide S-657), is prepared by fermentation of
strain Sphingomonas sp. ATCC 53159 (ref. no. 17). Diutan
exhibits unique rheological properties in aqueous solutions
including high thermal stability, superior suspension proper-
ties, and the ability to generate high viscosity at low concen-
trations. The diutan polysaccharide imparts significant
pseudoplasticity to polar solvents such as water, such that
diutan can act as a rheological modifier that is capable of
particle suspension, friction reduction, emulsion and foam
stabilization, filter cake deposition and filtration control.
Consequently, diutan has found industrial utility as a rheo-
logical modifier in a variety of contexts, including cementi-
tious systems as disclosed in U.S. Pat. No. 6,110,271, which
is incorporated herein by reference in its entirety to the extent
that they are not inconsistent with the disclosure herein.

Diutan consists of a repeat unit with a backbone comprised
of [—4)-a-L-rhamnose-(1—3)-p-D-glucose-(1—4)-p-D-
glucuronic acid-(1—4)-p-D-glucose-(1—] and a two-sugar
L-rhamnose side-chain attached to the (1—4) linked glucose
residues (ref. no. 2, 7). Two O-acetyl groups are attached per
repeat unit to the 2' and 6' positions of the (1—3) linked
glucose (ref. no. 4).

Progress has been made in elucidating the genetics and
biochemistry underlying biosynthesis of diutan and other
sphingans. Genes for biosynthesis of sphingans S-88, S-7,
and gellan have been identified (ref. no. 5, 12, 13, 15). Genes
for several glycosyl transferases of the backbone structure
have been analyzed biochemically (ref. no. 11, 14), as have
genes gelC and gelE, potentially involved in chain length
determination (ref. no. 9). Several of the genes for synthesis
of'sugar nucleotide precursors have also been elucidated (ref.
no. 12). The genetics and biochemistry of polymerization,
secretion and control of polysaccharide molecular length are
less defined.

A cluster of genes involved in biosynthesis of diutan has
been identified that includes genes for glycosyl transferases,
genes encoding enzymes for synthesis of a precursor mol-
ecule dTDP rhamnose, and genes for secretion of the polysac-
charide (ref. no. 3). Plasmids, e.g., pS8 and pX6, containing
some of the genes in the aforementioned cluster, were shown
to increase the yield of diutan by about 10%, and one plasmid
in particular (pS8) was found to significantly improve the
rheological properties of diutan from the wild-type strain (ref.
no. 18).

Growth conditions typically used for producing diutan and
other sphingans also promote production of the internal stor-
age polymer polyhydroxybutyrate (“PHB”), which is gener-
ally regarded as an undesirable side-product and is difficult to
remove during sphingan preparation. The PHB can form
small insoluble particles that interfere with clarity and filter-
ability, limiting the usefulness of the sphingans. For example,
the turbidity imparted by PHB particles can limit applicabil-
ity for household and personal care products in which appear-
ance is critical for consumer acceptance. Moreover, certain
oilfield uses require filterability; however, the PHB particles
can plug small pores in oil field rock formations, preventing
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the flow of the sphingan solution and/or the return flow of the
crude oil after treating the well. Finally, as PHB synthesis and
sphingan synthesis compete for the available carbon source,
PHB synthesis can have some adverse effect on sphingan
yield.

Accordingly, attempts have been made to eliminate PHB
production in sphingan-producing strains. Ref. no. 26
describes a strain of Sphingomonas elodea (a gellan-produc-
ing species) that was isolated following chemical mutagen-
esis. This strain, called LPG-2, has decreased PHB produc-
tion, but produces gellan of inconsistent quality and yield.

A more targeted approach to eliminating PHB production
was undertaken by deletion of a gene required for PHB syn-
thesis, the phaC gene (ref. no. 20). Precise deletion of phaC
from a diutan producing strain (ATCC 53159) reproducibly
resulted in poor growth and severely reduced diutan produc-
tivity (strains NPD3 and NPDG6). These strains exhibit
increased carbohydrate hydrolysis and accumulation of
organic acids, suggesting a critical role for phaC in maintain-
ing normal cellular metabolism. Derivatives with less
impaired diutan productivity were subsequently isolated.
Two independent derivatives, PDD3 and PDD6, have unchar-
acterized spontaneous mutation(s) and remain PHB-deficient
(ATCC deposit nos. PTA-4865 and PTA-4866, respectively).
Though recovery of up to 90% of total diutan yield has been
reported (ref. no. 20), this yield was only obtained following
a greatly increased culture growth time and has not been
consistently reproducible. Under standard growth conditions,
diutan productivity and yield by these strains is only approxi-
mately half of wild-type levels.

SUMMARY

In view of the foregoing, there is a need to overcome the
low sphingan productivity that is characteristic of PHB-defi-
cient strains. The present disclosure addresses this need in the
art by providing a genetically modified strain of Sphingomo-
nas which not only lacks PHB production but also provides
surprisingly high diutan productivity. Unexpectedly, the plas-
mids pS8 and pX 6—which give only modest improvement in
diutan productivity in PHB-producing strain—are now
shown to greatly improve diutan productivity in a PHB-defi-
cient strain. The great improvement in diutan productivity
was particularly surprising because the plasmids contain
genes involved in diutan biosynthesis and are not known to
contain any genes that would offset the metabolic deficiency
of a PHB-deficient strain. Certain embodiments of these
genetically modified strains, described infra, fully overcome
the poor yield and low productivity of PHB-deficient strains,
while simultaneously attaining the desired filterability and
clarity of PHB-deficient sphingans.

Certain embodiments encompass a mutant strain of the
genus Sphingomonas having a genetic modification that
reduces, or, preferably, substantially or entirely eliminates the
production of PHB. In exemplary embodiments, the genetic
modification inactivates the phaA gene, phaB gene, phaC
gene, or any combination thereof. In another exemplary
embodiment, the genetic modification to impair PHB synthe-
sis is obtained by screening or selection for a PHB-deficient
organism. The genetic modification that impairs PHB synthe-
sis can reduce or completely eliminate PHB production, and
can optionally be conditional, such as conditional induction,
suppression, overexpression, knock-out, etc. of a gene
involved in PHB synthesis, a gene that suppresses PHB syn-
thesis, or any combination thereof. Optionally, a mutant strain
of the genus Sphingomonas having a genetic modification
that reduces, or, preferably, substantially or entirely elimi-
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nates the production of PHB also includes at least one addi-
tional genetic modification that suppresses the poor growth
and/or poor diutan productivity of such strains. In an exem-
plary embodiment, the additional genetic modification can
include at least one of the suppressor mutations contained in
strains PDD3, PDD6, or both, or a variant of such suppressor
mutation(s).

Certain embodiments encompass a method of increasing
sphingan production in a host organism, such as an organism
of the genus Sphingomonas. Exemplary methods of increas-
ing sphingan production include increasing the expression in
the host organism of at least one gene involved in sphingan
synthesis. Such genes can be involved in sphingan synthesis,
secretion, polymerization, synthesis of precursors, control of
polysaccharide molecular length, etc. For example, addi-
tional copies of at least one gene involved in sphingan pro-
duction can be introduced on an extrachromosomal element
(such as a plasmid) or can be integrated into the host genome,
or both. Such genes can be derived from the host strain or can
be homologs derived from another species or strain.
Homologs can include functional, structural, or sequence
homologs of a gene involved in sphingan production or of a
gene having an enzymatic activity the same as or similar to a
gene involved in sphingan synthesis. In exemplary embodi-
ments, the genes can be obtained by screening or selection for
a Sphingomonas strain having increased sphingan produc-
tion. Exemplary methods of increasing sphingan production
also include introduction of genes involved in sphingan pro-
duction having modified (non-native) sequences, such as
modified promoter or enhancer elements, expression-opti-
mized sequences, etc. Additionally, the native chromosomal
copy of at least one gene involved in sphingan synthesis can
optionally be deleted, or be replaced by any of the foregoing.

In certain embodiments, an extrachromosomal or inte-
grated sequence element containing at least one gene, such as
all of the genes that are contained in the insert in plasmid pS8
and/or pX6, or homolog(s) thereof, can be introduced into a
Sphingomonas strain. For example, the at least one gene can
include dpsS, dpsG, dpsR, dpsQ, dpsl, dpsK, dpsL, dpsJ,
dpsF, dpsD, dpsC, dpsE, dpsM, dpsN, atrD, atrB, dpsB, rmlA,
rmlC, rmIB, rmlD, orf7, orf6, orf5, or any combination
thereof. In certain exemplary embodiments, the gene(s)
include at least one gene encoding a sphingan biosynthetic
enzyme, such as a dpsG polymerase. In another exemplary
embodiment, such genes encoding a sphingan biosynthetic
enzyme can include a dpsG polymerase and a glucose-1-
phosphate thymidylyltransferase gene; a dTDP-6-deoxy-D-
glucose-3-5-epimerase gene; a dTDP-D-glucose-4,6-dehy-
dratase gene; and a  dTDP-6-deoxy-L-mannose-
dehydrogenase gene. In another exemplary embodiment,
such genes encoding a sphingan biosynthetic enzyme can
include a dpsG polymerase and a rhamnosyl transferase IV
gene; a beta-1,4-glucuronosyl transferase II gene; a glucosyl
isoprenylphosphate transferase 1 gene; and a glucosyl trans-
ferase III gene. In another exemplary embodiment, such a
gene encoding a sphingan biosynthetic enzyme can include a
dpsG polymerase and one or more of the polysaccharide
export genes dpsD, dpsC, and dpsE. In another exemplary
embodiment, such a gene encoding a sphingan biosynthetic
enzyme can include a rhamnosyl transferase IV gene; a beta-
1,4-glucuronosyl transferase II gene; a glucosyl isopre-
nylphosphate transferase 1 gene; glucosyl transferase III
gene; a glucose-1-phosphate thymidylyltransferase gene; a
dTDP-6-deoxy-D-glucose-3-5-epimerase gene; a dTDP-D-
glucose-4,6-dehydratase gene; and a dTDP-6-deoxy-L.-man-
nose-dehydrogenase gene. In another exemplary embodi-
ment, such a sphingan biosynthetic enzyme can be selected
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from the group consisting of a gene encoding a polymerase;
lyase; rhamnosyl transferase IV; beta-1,4-glucuronosyl trans-
ferase II; glucosyl transterase I11; polysaccharide export pro-
tein; secretion protein; glucosyl-isoprenylphosphate trans-
ferase I; glucose-1-phosphate thymidylyltransferase; dTDP-
6-deoxy-D-glucose-3-5-epimerase; dTDP-D-glucose-4,6-
dehydratase;  dTDP-6-deoxy-L-mannose-dehydrogenase,
and any combination thereof. In certain embodiments, any
combination of the foregoing genes or homologs thereof can
be introduced into a Sphingomonas strain. In one exemplary
embodiment, the Sphingomonas strain is a diutan-producing
strain, such as ATCC 53159, or a PHB-deficient derivative
thereof, such as a phaC deletion strain, such as NPD3, NPD6,
PDD3, or PDD6. In another exemplary embodiment, the Sph-
ingomonas strain is derived from Sphingomonas elodea
ATCC 31461, Sphingomonas sp. ATCC 31555, Sphingomo-
nas sp. ATCC 31961, Sphingomonas sp. ATCC 53159, Sph-
ingomonas sp. ATCC 31554, Sphingomonas sp. ATCC
31853, Sphingomonas sp. ATCC 21423, Sphingomonas sp.
ATCC 53272, Sphingomonas sp. FERM-BP2015, or a PHB-
deficient derivative, such as a phaC deletion strain of any of
the foregoing, or a phaC deletion strain bearing further muta-
tion(s) that improve growth or sphingan productivity. In an
exemplary embodiment, the phaC deletion strain is derived
from a gellan-producing strain, such as LPG-2 (ref. no. 26),
NPG-1, NPG-2, NPG-3, PDG-1, PDG-3 (ref. no. 20) or a
derivative thereof.

In exemplary embodiments, a gene involved in sphingan
synthesis can be derived from a homolog of a gene contained
in plasmids pS8 or pX6. Such ahomolog can be a Sphingomo-
nas homolog, i.e., derived from an organism of the genus
Sphingomonas. Exemplary organisms from which Sphin-
gomonas homologs can be derived include Sphingomonas
elodea ATCC 31461, Sphingomonas sp. ATCC 31555, Sph-
ingomonas sp. ATCC 31961, Sphingomonas sp. ATCC
53159, Sphingomonas sp. ATCC 31554, Sphingomonas sp.
ATCC 31853, Sphingomonas sp. ATCC 21423, Sphingomo-
nas sp. ATCC 53272, Sphingomonas sp. FERM-BP2015, or
any combination thereof. In another exemplary embodiment,
a gene involved in sphingan synthesis can encode a polypep-
tide having at least about 70% sequence identity, such as
about 75%, about 80%, about 85%, about 90%, about 91%,
about 92%, about 93%, about 94%, about 95%, about 96%,
about 97%, about 98%, about 99%, or about 100% sequence
identity, to a polypeptide sequence of SEQ IDNO: 3, 5,7, 9,
11,13,15,17,19,21,23,25,27,29,31,33,35,37,39,41, 43,
45, 47, 49, 51, or 53. In another exemplary embodiment, a
gene involved in sphingan synthesis can be encoded by a
polynucleotide having at least about 60% sequence identity,
such as about 65%, about 70%, about 75%, about 80%, about
85%, about 90%, about 91%, about 92%, about 93%, about
94%, about 95%, about 96%, about 97%, about 98%, about
99%, or about 100% sequence identity, to a polynucleotide
sequence of SEQIDNO: 2, 4, 6,8, 10, 12, 14, 16, 18, 20, 22,
24,26, 28,30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, or 52.

Certain embodiments of the present compositions include
a diutan, particularly a PHB-deficient diutan, exhibiting an
improvement (relative to diutan produced from a wild-type
strain) in a number of different viscosity measurements.
Amongthese are: 1) an intrinsic viscosity of greater than about
150, preferably higher than about 155, more preferably
higher than about 160 dL/g; ii) a sea water 3 rpm viscosity
greater than about 35, such as greater than about 37, such as
greater than about 40, such as greater than about 42, such as
greater than about 45, such as greater than about 47, such as
greater than about 50 dial reading; iii) a sea water 0.3 rpm
viscosity greater than about 35,000, such as greater than
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about 39,000, such as greater than about 40,000, such as
greater than about 42,000, such as greater than about 45,000,
such as greater than about 48,000, such as greater than about
50,000, such as greater than about 54,000 centipoise (cP); and
a PEG low shear rate viscosity greater than about 3500, such
as greater than about 3700, such as greater than about 3900,
such as greater than about 4000, such as greater than about
4200, such as greater than about 4500, such as greater than
about 4700, such as greater than about 5000, such as greater
than about 5200, such as greater than about 5500, such as
greater than about 5700, such as greater than about 6000 cP.

Certain embodiments of the present strains include a
mutant strain of the genus Sphingomonas that is able to pro-
duce PHB-deficient diutan at a rate of at least about 0.10
g/L/hr, such as at leastabout 0.11 g/L/hr, such as at least about
0.12 g/L/hr, such as at least about 0.13 g/L/hr, such as at least
about0.14 g/I/hr, such as at least about 0.15 g/I/hr, such as at
least about 0.2 g/L/hr, and/or a yield of PHB-deficient diutan
of'at least about 12 g/L, such as at least about 15 g/I, such as
at least about 16 g/L, such as at least about 17 g/L, such as at
least about 18 g/L, such as at least about 19 g/L, such as at
least about 20 g/, such as at least about 21 g/I.. For example,
certain embodiments can include a mutant strain of the genus
Sphingomonas able to produce PHB-deficient diutan at a rate
of between about 0.15 g/I/hr and about 0.60 g/L/hr, such as
between about 0.16 g/L/hr and about 0.5 g/L/hr, such as
between about 0.17 g/L/hr and about 0.4 g/L/hr, such as
between about 0.18 g/L/hr and about 0.35 g/L/hr, such as
between about 0.19 g/[/hr and about 0.3 g/L/hr, such as
between about 0.2 g/L/hr and 0.25 g/L/hr, such as between
about 0.21 g/L/hr and about 0.22 g/I/hr. Additionally, certain
embodiments can include a mutant strain of the genus Sph-
ingomonas able to produce a yield of PHB-deficient diutan
between about 12 g/, and about 30 g/L, such as between
about 13 g/IL and about 25 g/L, such as between about 14 g/,
and about 22 g/L, such as between about 19 g/[. and about 21
g/L.

Certain embodiments of the present strains include a
mutant strain of the genus Sphingomonas containing a
genetic modification that substantially or entirely eliminates
the production of PHB and a genetic modification that results
in increased production of a sphingan, wherein the mutant
strain of the genus Sphingomonas increases the rate of pro-
duction or yield of PHB-deficient diutan by at least about
50%, such as by at least about 60%, such as by at least about
70%, such as by at least about 80%, such as by at least about
90%, such as by at least about 100%, such as by at least about
110%, such as by atleast about 120%, such as by at least about
120%, such as by atleast about 130%, such as by at least about
140% relative to a congenic strain containing the genetic
modification that substantially or entirely eliminates the pro-
duction of PHB and lacking the genetic modification that
increases the production of a sphingan. For example, the
increase in the rate of production or yield of PHB-deficient
diutan can be between about 50% and about 200%, such as
between about 60% and about 190%, such as between about
70% and about 180%, such as between about 80% and about
170%, such as between about 90% and about 160%, such as
between about 100% and about 150%, such as between about
110% and about 140%, such as between about 120% and
about 130%.

In certain embodiments, one or more copies of specific
DNA sequences are introduced within certain Sphingomonas
strains to provide increased biosynthetic production of high
viscosity diutan polysaccharide that is essentially free of
PHB. The engineered bacteria containing such genes for
increased production produce significantly greater amounts
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of PHB-deficient diutan polysaccharide compared to non-
engineered bacteria and create diutan with the aforemen-
tioned resultant high viscosity properties.

The DNA can be delivered into bacteria of the genus Sp#h-
ingomonas in multiple copies (via plasmid, other known
manner) or increased expression of the genes via a suitable
method, e.g., coupling to a stronger promoter. After insertion
of the DNA into the target bacteria, the production of diutan
can be determined by fermenting the engineered bacteria and
comparing the yield in terms of amount produced and quality
produced. Increased production and viscosity can both be
determined by comparison with other diutan-producing
strains.

Sphingomonas strains, such as the genetically modified
strains described herein, can be used to produce sphingans,
such as diutan, by fermentation. Generally, a suitable medium
for fermentation is an aqueous medium which contains a
source of carbon (for example, carbohydrates including glu-
cose, lactose, sucrose, maltose or maltodextrins), a nitrogen
source (for example, inorganic ammonium, inorganic nitrate,
urea, organic amino acids or proteinaceous materials, such as
hydrolyzed yeast, soy flour or casein, distiller’s solubles or
corn steep liquor), and inorganic salts. A wide variety of
fermentation media will support the production of diutan
according to the present invention. One of ordinary skill in the
art can readily determine an appropriate media formulation.

Carbohydrates can be included in the fermentation broth in
varying amounts—usually between about 1 and 10% by
weight (preferably 2-8%) of the fermentation medium. The
carbohydrates can be added prior to fermentation or, alterna-
tively, during fermentation. The amount of nitrogen can, for
example, range from about 0.01% to about 0.4% by weight of
the aqueous medium. A single carbon source or nitrogen
source can be used, as well as mixtures of these sources.
Among the inorganic salts which are useful in fermenting
Sphingomonas bacteria are salts which contain sodium,
potassium, ammonium, nitrate, calcium, phosphate, sulfate,
chloride, carbonate and similar ions. Trace metals, such as
magnesium, manganese, cobalt, iron, zinc, copper, molybde-
num, iodide and borate, can also be advantageously included
in the broth.

In certain embodiments of the present method, Sphin-
gomonas strains undergo fermentation. Fermentation can be
carried out, for example, at temperatures between about 25
degrees C. and 40 degrees C., preferably between about 27
degrees C. and 35 degrees C. An inoculum can be prepared by
standard methods of volume scale-up, including shake flask
cultures and small-scale submerged stirred fermentation. The
medium for preparing an inoculum can be the same as the
production medium or can be any one of several standard
media well-known in the art, such as Luria broth or YM
medium. More than one seed stage can be used to obtain the
desired volume for inoculation. Typical inoculation volumes
range from about 0.5% to about 10% of the total final fermen-
tation volume.

Certain embodiments of the present methods include agi-
tation of the fermentation medium. In some embodiments, an
agitator is contained within a fermentation vessel, whereby
the contents of the agitation vessel are mixed. The vessel also
can have automatic pH and foaming controls. The production
medium can be added to the vessel and sterilized in place,
e.g., by heating. Alternatively, the media can be sterilized
separately before addition. A previously grown seed culture
can be added to the cooled medium (typically at the preferred
fermentation temperature of about 27 degrees to about 35
degrees C.), and the stirred culture can be fermented for about
48 to about 110 hours, producing a high viscosity broth. The
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sphingan, such as diutan, can be recovered from the broth by,
for example, a standard method of precipitation with an alco-
hol, generally isopropanol.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows greatly improved diutan productivity of
PHB-deficient strains bearing plasmids pX6 and pS8 relative
to PHB-deficient strains without the plasmids.

FIG. 2 shows greatly improved diutan yield from PHB-
deficient strains bearing plasmids pX6 and pS8 relative to
PHB-deficient strains without the plasmids.

FIG. 3A illustrates poor filterability of a PHB-containing
diutan preparation (0.04% S657/pS8 diutan in seawater).
FIG. 3B illustrates poor filterability of an independent PHB-
containing diutan preparation (0.04% S657/pS8 diutan in
seawater).

FIG. 4A illustrates improved filterability of a PHB-defi-
cient diutan preparation (0.04% PDD3/pS8 diutan in seawa-
ter). FIG. 4B illustrates improved filterability of a PHB-defi-
cient diutan preparation (0.04% PDD3/pS8 diutan in
seawater). FIG. 4C illustrates improved filterability of a PHB-
deficient diutan preparation (0.04% PDD3/pS8 diutan in sea-
water).

FIG. 5 presents a map showing the inserts contained in
plasmids pS8 and pX6.

FIG. 6 shows the insert sequence contained in plasmid pS8
(SEQID NO: 1).

FIG. 7 shows the insert sequence contained in plasmid pX6
(SEQID NO: 54).

DETAILED DESCRIPTION

Two PHB-deficient bacterial strains derived from Sphin-
gomonas sp. ATCC 53159 (S657) were previously developed
and designated PDD3 and PDD6 (see ref. no. 20). These
strains exhibit approximately half of the diutan productivity
of the wild-type strain (S657). The plasmid pS8 contains
several genes involved in diutan biosynthesis in a multicopy
plasmid and has been used to enhance diutan productivity and
rheology (ref. no. 18). See also refs. no. 21-23 which describe
the use of plasmid mediated gene amplification to increase
polysaccharide yield (DNA segments and methods for
increasing polysaccharide production).

As is shown in greater detail below, applicants have now
shown that introduction of the plasmids pX6 and pS8&—which
contain multiple genes involved in diutan biosynthesis, but
are not known to contain any genes that would offset the
metabolic deficiency of a PHB-deficient strain—into PHB-
deficient mutants PDD3 and PDD6 results in an unexpected
significantly improved productivity (g/L/hr) and dry weight
yield (g/L.) of the PDD strains (70% to >100% increase)
relative to the PHB-deficient strains without the introduced
plasmids. The PHB-deficient strains produced fewer cells and
no PHB, thus, more of their dry weight yield is diutan
polysaccharide. Due to their increased productivity, these
strains can be used for more economical production of PHB-
deficient diutan than strains lacking these genetic modifica-
tions. Moreover, a clarified diutan produced from such strains
exhibits improved filterability and clarity due to the absence
of PHB particles relative to PHB-containing diutan. Such
PHB-deficient diutan can be particularly desirable in a variety
of applications, including household and personal care prod-
ucts, cementitious systems, for enhanced oil recovery, frac-
turing, well bore clean-up and other ‘pay zone’ applications,
or any other application involving particle suspension, fric-
tion reduction, emulsion and foam stabilization, filter cake
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deposition and filtration control, or modification of the rhe-
ology of aqueous solutions (such as to thicken liquids, sus-
pend solids, stabilize emulsions, or form gels and films, etc.).
Additionally, upon acid hydrolysis, the PHB-deficient diutan
leaves little to no residue as compared to PHB-containing
diutan. The low acid hydrolysis residue renders the PHB-
deficient diutan particularly suitable in oil field applications,
such as fracturing, in which a viscositying fluid is degraded
after fracturing the formation, so the return flow of oil is
maximized. Unlike the PHB-containing diutan, which con-
tains PHB particles that would plug the pores in the rock
formation, PHB-deficient diutan would not plug the pores in
the formation, leading to improved oil yield.

In one exemplary embodiment of the present strains, a
plasmid containing the relevant DNA sequence is inserted
into arecipient Sphingomonas bacterium and replicates in the
recipient cell, typically giving one or several (at least two and
usually 4-10) copies of the DNA segment that result in
increased production of high viscosity diutan polysaccharide
relative to a strain lacking the DNA sequence. Alternatively or
in addition to insertion of a plasmid-borne DNA sequence,
DNA sequences that integrate into the bacterial chromosome
can also be used. The use of conjugation or mobilization to
transfer DNA into recipient bacteria is generally effective.
Electroporation or chemical transformation of competent
cells with purified DNA can also be used. Other vectors or
bacteriophages can be used to transtfer DNA into the host cell.
Maintaining the DNA segments on plasmids (or other well
known delivery vectors) in the recipient diutan-producing
Sphingomonas is not necessary. It is routine to introduce
additional copies of a DNA segment into the bacterial chro-
mosome so that the segments are replicated each generation
by the same mechanism that replicates the bacterial DNA.
Alternative to or in conjunction with methods that increase
the copy number of a DNA sequence, increased gene expres-
sion can be achieved by using stronger promoter elements.

The following terms shall be used throughout the specifi-
cation in connection with the present invention and have the
meaning indicated:

The term “Sphingomonas” is used throughout the specifi-
cation to refer to strains of gram-negative bacteria from the
genus Sphingomonas.

The term “inserted” is used throughout the specification to
describe the process and outcome of transferring DNA into a
Sphingomonas strain. Such isolated DNA can be introduced
first into, as one non-limiting possibility, a desired plasmid
(such as pLLAFR3), by well-known techniques in the art, and
then transferred, for example, by conjugation or mobilization
into a recipient Sphingomonas bacterium.

The term “gene amplification” is used to refer to either
increased copies of genes, for example, by cloning the target
genes on a multicopy plasmid (such as from 4 to 10 copies) or
by insertion of multiple copies (such as from 4 to 10) of the
genes into the bacterial genome, or alternatively, increased
expression of genes by modification of promoter elements to
increase gene expression. Both of these methods and others
can result in increased amounts of the encoded proteins.

The term “biosynthesis™ is used throughout the specifica-
tion to describe the biological production or synthesis of a
sphingan by Sphingomonas bacteria.

Cloning of DNA in the present invention relies on general
techniques and methods which have become standard in the
art. It is noted that any number of methods can be used to
clone DNA segments according to the present invention, and
the present invention is not limited, for example, to the use of
plasmid cloning vectors. For example, DNA fragments can be
cloned by insertion into a bacteriophage vector. In certain
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embodiments of the present methods, cloned DNA sequences
are introduced to a Sphingomonas strain via a plasmid or
other delivery vector.

Theterm “ectopic promoter” is used to refer to a non-native
promoter, i.e., a promoter with some sequence difference(s)
relative to the native promoter. Such a promoter can be, for
example, a strong promoter which drives a measurably
increased level of transcription relative to the native promoter.
An ectopic promoter can also be a regulated promoter,
whereby gene expression is increased or decreased in
response to some factor, such as a small molecule, tempera-
ture, presence of a gene product, etc. Suitable promoters for a
particular use are well known in the art.

The term “genetic modification” is used throughout the
specification to refer to a genetic change. Generally, a geneti-
cally modified organism, such as a Sphingomonas strain, is
described with reference to a “parent” strain which does not
contain the genetic modification. Exemplary genetic modifi-
cations include those that increase, decrease, or abolish the
expression of a gene. Such changes include modification of
chromosomal and extrachromosomal genetic material.
Exemplary genetic modifications include introduction of a
plasmid, deletion or substitution of a chromosomal sequence.
For example, a chromosomal gene can be inactivated by a
targeted deletion of part or all of the coding sequence and/or
regulatory element (e.g., as described in ref. no. 20), or
genetic screen, optionally including mutagenesis (e.g., as
described in ref. no. 26). Chromosomal genetic modification
can also involve a targeted replacement, e.g., to replace a
native gene promoter with an inducible promoter, regulated
promoter, strong promoter, etc. Chromosomal gene modifi-
cation can also involve gene amplification, i.e., introduction
of at least one additional copy of at least one gene. Extrach-
romosomal genetic material can be introduced, for example,
on a plasmid, which can be single-copy, multi-copy, or high-
copy, as is well known in the art. Genetic modification can be
coupled to a selectable marker, such as an antibiotic resis-
tance gene, which helps ensure that the genetic modification
is retained.

The term “essentially free of PHB” is used throughout the
specification to refer to a composition, such as a sphingan
(e.g., diutan), having a greatly reduced PHB content when
compared to a similar composition prepared from a wild-type
or PHB-containing strain. Great reduction can be at least a
90% reduction, 95% reduction, 99% reduction, 99.5% reduc-
tion, etc. in PHB content (where PHB content is expressed as
a fraction of the dry weight of the sphingan composition).
Suitable assays for measuring PHB content include the 15%
HCI solubility and residue test, HPL.C, gas chromatography,
and gas chromatography coupled to mass spectrometry (GC-
MS). In certain embodiments of the present compositions, a
clarified (e.g., cellulase clarified) diutan preparation that is
essentially free of PHB can yield less than approximately 1%,
such as less than approximately 0.5%, such as less than
approximately 0.1%, residue in a 15% HCI solubility and
residue test.

The term “PHB-deficient diutan™ is used throughout the
specification to refer to a diutan produced from a PHB-defi-
cient strain, such as strain bearing a genetic modification
inactivates the phaA gene, phaB gene, phaC gene, or any
combination thereof.

The term “phaC gene” is used throughout the specification
to refer to a phaC gene of a Sphingomonas strain. Examples of
phaC gene sequences are provided in (ref. no. 20); however,
other phaC gene orthologs are also encompassed except
where the context indicates otherwise.
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When an amount, concentration, or other value or param-
eter is given as a list of upper preferable values and lower
preferable values, this is to be understood as specifically
disclosing all ranges formed from any pair of an upper pre-
ferred value and a lower preferred value, regardless of
whether ranges are separately disclosed.

The term “a” or “an” as used herein means “one” or “one or
more”.

The term “about” or “approximately” as used herein means
within an acceptable error range for the particular value as
determined by one of ordinary skill in the art, which will
depend in part on how the value is measured or determined,
i.e., the limitations of the measurement system. For example,
“about” can mean within 1 or more than 1 standard devia-
tions, per practice in the art. Where particular values are
described in the application and claims, unless otherwise
stated, the term “about” means within an acceptable error
range for the particular value.

Unless otherwise indicated, all numbers expressing quan-
tities of ingredients, properties such as molecular weight,
reaction conditions, and so forth used in the specification and
claims are to be understood as being modified in all instances
by the term “about” Accordingly, unless indicated to the
contrary, the numerical parameters set forth in the following
specification and attached claims are approximations that
may vary depending upon the desired properties sought to be
obtained by the present invention. At the very least, and not as
an attempt to limit the application of the doctrine of equiva-
lents to the scope of the claims, each numerical parameter
should at least be construed in light of the number of reported
significant digits and by applying ordinary rounding tech-
niques.

Except wherein indicated otherwise, all measurements and
protocols are conducted at standard temperature and pres-
sure, i.e., approximately 20° C. and approximately 1 atmo-
sphere. Except where indicated otherwise, “sea water 3 rpm
viscosity,” “sea water 0.3 rpm viscosity,” and “low shear rate
viscosity in the presence of polyethylene glycol” are mea-
sured as described in Example 2 below.

The invention will now be described in more detail with
respect to the following, specific, non-limiting examples.

EXAMPLES
Example 1
Production of Diutan

This example described an increased yield of PHB-defi-
cient diutan produced from several genetically modified Sp#-
ingomonas strains.

Methods

The plasmids pS8 and pX6 were transferred into PHB-
deficient Sphingomonas strains PDD3 and PDD6 by triparen-
tal conjugal mating as described previously (ref. no. 3) and
which is well known in the art. Strains PDD3, PDD6, S657,
and S657/pS8 are as described previously (ref. nos. 17, 18,
and 20). Strains PDD3/pS8, PDD6/pS8, PDD3/pX6, PDD6/
pX6,PDD3, PDD6, S657, and S657/pS8 were grown in 15 L
volumes in 20 L. Applikon fermentors with agitation and
aeration. For the plasmid containing strains, the antibiotic
tetracycline at 5 mg/L. was added throughout the fermentation
to ensure retention of the plasmid. KOH was added as needed
to control pH. Two seed stages were used with 1% to 6%
inoculum transfers. The fermentation media contained corn
syrup as carbohydrate source, an assimilable nitrogen source,
and salts.
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At the end of the fermentation, each broth was treated by
introduction of glucoamylase enzyme to hydrolyze any
remaining oligosaccharides from the corn syrup. The viscosi-
ties of the fermentation broths were measured via a Brook-
field® viscometer run at 60 rpm with a spindle #4. The diutan
gums produced were then precipitated from an aliquot of
broth with two volumes of isopropyl alcohol. The diutan
fibers were collected on a filter and dried. For some strains,
multiple replicates were prepared, and the results presented
below are the average values across these replicates.

Results

The presence of a plasmid containing genes involved in
diutan synthesis (pX6 or pS8, see FIG. 5) greatly improved
the diutan production by PHB-deficient strains compared to
the parent PHB-deficient strains PDD3 and PDD6. Diutan
productivity of PHB-deficient strains was greatly improved
by between 70% and 142% (FIG. 1 and Table 1B) relative to
the parental strains. This increased productivity was much
greater than for the wild-type (S657) strain with the intro-
duced pS8 plasmid, which demonstrated increased produc-
tivity by only 33%. Three of the four PHB-deficient, plasmid-
containing strains had higher productivity than the wild-type
(S657) strain, and strain PDD3/pX6 had productivity essen-
tially equal to S657/pS8. Diutan yield of PHB-deficient
strains bearing these plasmids was also greatly improved by
between 53% and 90% (FIG. 2 and Table 1B) relative to the
parental strains. This increase was much greater than for the
wild-type (S657) strain with the introduced pS8 plasmid,
which only increased diutan yield by 18%.

Consistent with these results, the PHB-deficient strains
also exhibited increases in final broth viscosity due to intro-
duction of the plasmids, indicating greater diutan content.
The PHB-deficient, plasmid-containing strains also had
lower cell density (measured by OD) than the wild-type
strain with or without plasmid pS8 (Table 1B), indicating that
the unclarified products from these strains are expected to
contain a higher proportion of diutan (due to the presence of
fewer bacterial cells). Due to the higher purity of the diutan
produced from PHB-deficient, plasmid containing strains
(both due to lower cell content and absence of PHB), the
extent of productivity and yield improvement in these strains
compared to wild-type strains is likely to be even greater than
these measurements indicate.

TABLE 1A
Final culture conditions.
Final Cell Final Broth
Replicates Density Viscosity
Strain PHB (m) (ODgg0) (cP)
S657 (wild-type) + 2 8.22 3000
S657/pS8 + 2 5.84 3775
PDD3 - 1 3.80 3000
PDD3/pX6 - 1 4.14 3650
PDD3/pS8 - 3 3.50 4158
PDD6 - 1 4.15 2500
PDD6/pX6 - 2 3.73 3125
PDD6/pS8 - 3 3.74 3783
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Diutan productivity and vield.

Percent Percent Percent Percent
Change Change Change Change
Over S657 over PHB- Over S657 over PHB-
Productivity (wild- deficient  Yield* (wild- deficient
Strain PHB (g/L/hr) type) parent (g/L) type) parent
S657 (wild- + 0.153 17.5
type)
S657/pS8 + 0.203 +33% 20.7 +18%
PDD3 - 0.082 -46% 11.4 -35%
PDD3/pX6 - 0.197 +140% 20.9 +83%
PDD3/pS8 - 0.177 +116% 21.7 +90%
PDD6 - 0.067 -56% 9.4 -46%
PDD6/pX6 - 0.114 +70% 14.4 +53%
PDD6/pS8 - 0.162 +142% 17.3 +84%

*Total dry weight of unclarified precipitate (dry weight yield).

Example 2
Diutan Analysis

The diutan samples produced in the method of Example 1
were analyzed for uses as oilfield additives for oil recovery
and for uses requiring good suspension and stabilization
(such as for cement additives for water retention and quick
set-up).

Methods

The oilfield industry relies on a “sea water viscosity”
(SWV) test as an indicator of acceptable performance for
rheology modifiers in oil recovery. This test indicates whether
a rheology modifier can sufficiently increase viscosity in
briny conditions of sea water, such as those encountered in
seabed oil recovery. Typically, a sea water viscosity test
employs synthetic seawater produced by mixing 419.53
grams of sea salt (ASTM D-1141-52) per 9800 grams of
deionized water. For a seawater viscosity test, a rheology
modifier is dispersed in synthetic seawater by vigorous mix-
ing (e.g., 35 minutes at approximately 11,500 rpm in a Fann
Multimixer (Model 9BS5, part number N5020)). The sample is
cooled to approximately 25° C. before the viscosity is mea-
sured. For a 3-rpm viscosity test, the sample is placed on the
Fann sample platform (Fann model 35 A; Torsion spring
MOC 34/35 F0.2b; Bob B1; Rotor R1) and the speed is
adjusted to 3 rpm by turning the motor to low speed and
setting the gearshift in the middle position. The reading is
then allowed to stabilize, and the shear stress value is read
from the dial and recorded as the SWV 3 rpm dial reading
(DR). For the 0.3-rpm reading, a Brookfield viscometer is
used (Brookfield LV DV-II or DV-III viscometer, with LV-2C
spindle) to measure the viscosity. The speed of the spindle is
set to 0.3 rpm, and the spindle is allowed to rotate at least 6
minutes before the viscosity is recorded as the SWV-0.3 rpm
reading and expressed in centipoises (cP).

The LSRYV test (a low shear rate viscosity using polyethyl-
ene glycol as dispersant as described below) is a general test
for viscosity at a low shear rate. Typically, the higher the
viscosity the better a sample is at stabilization and suspen-
sion. For example, in a cementitious application, a higher
viscosity in the LSRV test indicates that a diutan should help
suspend particulates in the cement more effectively, giving a
more homogeneous cement/concrete, thus, providing better
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strength and durability. The LSRV test measures the viscosity
of'a 0.25% solution of biogum in Synthetic Tap Water (STW).
STW is prepared by adding 10.0 grams NaCl and 1.47 grams
CaCl,.2H,0 to 10 liters of deionized water. For the viscosity
measurement, 0.75 grams of biogum is added to 4.5 grams
Polyethylene Glycol 200 (CAS 25322-68-3) in a 400-mL
beaker and thoroughly dispersed. Then, 299 grams of STW
are added to the beaker and mixed for approximately 4 hours
using a low-pitched, propeller-style stirrer at 800£20 rpm.
After the 4-hr mixing time, the beaker is placed in a 25° C.
water bath and allowed to sit undisturbed for approximately
30 minutes. The viscosity is then measured using a Brookfield
LV viscometer equipped with a 2.5+ torque spring (or equiva-
lent instrument, such as Model DVE 2.5+) at 3 rpm using the
LV 1 spindle after allowing the spindle to rotate for 3 minutes
and expressed in centipoises (cP).

Results

The diutan samples produced in Example 1 above were
analyzed to determine suitability for use in cement and oil-
field applications (Table 2). Utility for stabilization and sus-
pension, such as for cement additives for water retention and
quick set-up, was evaluated by low shear rate viscosity
(LSRV) testing. Suitability for oil recovery was evaluated
using sea water viscosity (SWV) tests at 0.3 rpm and 3 rpm as
anindicator of the effectiveness of a gum to increase viscosity
in brines.

In the LSRV test, diutan produced from PHB-deficient
strain PDD3 containing either plasmid performed better than
or about equal to the wild-type strain bearing pS8, with
greater improvement observed for PDD3/pX6 than for
PDD3/pS8 (Table 2). In the SWV test at 0.3 rpm, diutan
produced from plasmid-containing PHB-deficient strains
derived from PDD3 performed better than wild-type strains
bearing pS8. In the SWV test at 3 rpm, either PHB-deficient
strain bearing pS8 performed essentially equally to the wild-
type strains bearing pS8. Together, these results indicate that
a PDD3/pS8 diutan is particularly suitable for oilfield appli-
cations and cement applications.
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Rheology of unclarified PHB-deficient diutan

SWV SWV
Diutan LSRV 0.3 rpm 3 pm
Strain PHB Productivity n (centipoise) 1n (centipoise) n  (dial reading)
S657 + ++ 1 5110 2 37,400 2 40.0
S657/pS8 + +++ 1 6610 2 48,600 2 56.5
PDD3 - + 1 3160 — nt. — nt.
PDD3/pX6 - +++ 1 6910 1 54,400 1 45.5
PDD3/pS8 - +++ 2 6198 3 51,867 2 57.0
PDD6 - + 1 3020 — nt. — nt.
PDD6/pX6 - +++ 2 5188 2 41,600 1 43.0
PDD6/pS8 - +++ — nt. 1 38,400 1 57.0

nt.: Not tested.

Example 3
Low Acid Residue of PHB-Deficient Diutan

Methods

The indicated strains were grown in 1000 gallon fermen-
tors and in multiple Applikon® fermentors to prepare larger
samples for testing and analysis. After the fermentations had
finaled, the broths were either left untreated or enzyme clari-
fied using one of two methods.

The first method, clarification with a cellulase, CELLU-
CLAST™ (“Clarified”) was as follows: First, the broth tem-
perature was adjusted to 50° C. Next, the pH was adjusted to
between 5.0 and 5.4. CELLUCLAST™ enzyme (1 g/L.) was
then added, and the broth was incubated for two hours. Stock
solutions of EDTA and Lysozyme in distilled water were then
sequentially added to the broth to a final concentration 0of 0.25
g/ EDTA and 0.05 g/IL Lysozyme, and the broth incubated
for one hour. The pH was then adjusted to 8.0 to 8.5. Protex 6
L protease was then added to the broth at a final concentration
0tf'0.5 g/L. and the broth was incubated for two hours. Finally,
the diutan gum was precipitated by addition of three volumes
of isopropyl alcohol, dried, and milled.

The second enzyme clarification (“Treated”) was similarto
the first method, except the initial pH adjustment and the
addition of CELLUCLAST™ enzyme were omitted.

Dried diutan samples were analyzed using the 15% HCl
Solubility and Residue Test, as follows: 1.6 grams of a sample
is rehydrated in 253 ml Synthetic Tap Water (typically 1 hr
mixing at 1000 rpm). The mixing speed was then decreased to
500 RPM, and 147 mL of concentrated HC1(37%) is added to
the rehydrated sample and mixed for 10 minutes. The sample
container was then sealed and incubated at 150 degrees F. for
twenty-four hours. The sample was again mixed, then a 100
gram aliquot was removed. The aliquot was quantitatively
transferred to a Gelman filter apparatus containing a 0.5
micron filter. The filter was dried, cooled, and weighed prior
to filtration and again after filtration. The weight of residue
was reported as a percentage of the dry weight of polymer in
the 100 gram aliquot (dry weight is determined by drying a
sample of the same starting material).

Results

The acid residue test measures the amount of insoluble
material that remains in a sample after acid hydrolysis. Low
acid residue is preferred for certain uses, for example, an
oilfield use in which the diutan is removed by acid hydrolysis
and any insoluble residue has the potential to clog pores in the
formation. This residue test also provides an indirect indica-
tion of the amount of PHB in a diutan preparation because the
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acid residue of a wild-type diutan is predominantly PHB. For
a PHB-deficient diutan, the acid residue indicates an upper
bound for the PHB content.

Results of the acid residue test are provided in Table 3, with
residue indicated as a percentage of the starting sample mate-
rial. Unlike the PHB-containing strains, which contained
between 1.8 wt % and 6.8% wt % acid residue, the clarified
PHB-deficient strain produced only 0.05 wt % acid residue.
These results confirmed that the PHB-deficient strain pro-
duced diutan that would not damage an oilfield formation
and, moreover, that the PHB-deficient diutan contains less
than 0.05% PHB by weight.

TABLE 3
Low acid residue of clarified PHB-deficient diutan
Strain PHB Weight Percentage Residue
S657/pS8 + 1.80%
(Treated)
S657 + 6.78%
(untreated)
S657/pS8 + 2.98%
(untreated)
PDD3/pS8 - 0.05%
(Clarified)
Example 4
Confirmation that PHB is Absent from
PHB-Deficient Diutan
Methods
The analytical method measured the PHB content of diutan

preparations and can also be used to measure the PHB content
of other polysaccharides. In this method, the diutan is
digested with an aqueous hypochlorite solution leaving the
PHB intact; the PHB polymer is then hydrolyzed, then esteri-
fied to the propyl ester; and finally, the resulting ester is
measured by gas chromatography with flame ionization
detection. The instrument used was the Hewlett Packard
Model 6890 Gas Chromatograph System equipped with a HP
model 7673 auto injector, flame ionization detector, and
Hewlett Packard HP S5MS column (30 mx250 pmx0.25 um
nominal id).

The detailed protocol is as follows. Approximately 35-40
mg of each diutan sample was weighed into a glass centrifuge
tube, in duplicate and the weight recorded to the nearest 0.1
mg. Approximately 5 ml of approximately 5% sodium
hypochlorite (JT Baker Cat #4616 or equivalent) was then
added to each tube and the tubes vortexed. Samples were then
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incubated at approximately 37° C. for 12-18 hours, resulting
in hypochlorite digestion. Tubes were then centrifuged at
approximately 8000 rpm for approximately 40 minutes, and
the hypochlorite supernatants were removed with a dispos-
able pipette and discarded. Samples were then washed twice
by addition of 5 mL deionized water with centrifugation and
supernatant removal as in the previous step. Samples were
then evaporated to dryness under reduced pressure using a
vacuum oven, optionally with heating to accelerate the drying
process. 2.0 mL of internal standard solution (0.513 mg/mL
propyl benzoate, Aldrich Cat #30,700-9 or equivalent, in 1,2-
dichloroethane, Aldrich Cat #15,478-4 or equivalent) was
then added to each dry sample, followed by 1.0 mL of 20%
(vol/vol) HC1 (EM Science Cat #HX0603P-1 or equivalent)
in n-propanol (Aldrich Cat #29,328-8 or equivalent). Samples
were then sealed with polytetrafiuoroethylene film (Teflon
tape or equivalent), capped tightly, and incubated at approxi-
mately 100° C. for 3 hours with vortexing approximately
every 30 minutes. Samples were then cooled to room tem-
perature. An aqueous extraction was then performed by addi-
tion of 2 m[. deionized water to each tube, vortexing for 10-20
seconds, allowing the phases to separate, and removal of the
aqueous (top) phase. The aqueous extraction was repeated a
second time, then the organic (lower) phase was transferred to
a GC vial. Calibration standards containing between 0.2 and
10.0 mg/ml sodium 3-hydroxybutyrate (ICN Biomedical Cat
#100964 or equivalent) were also prepared by the same
method starting with the step of evaporation to dryness, i.e.,
the sodium hypochlorite digestion was omitted. Each sample
and calibration standard was then analyzed using the Hewlett
Packard Model 6890 Gas Chromatograph System.

The Hewlett Packard Model 6890 Gas Chromatograph
System was operated with the following parameters: Sample
Inlet: GC; Injection Source: GC ALS; Mass Spectrometer:
Disabled; OVEN: Initial temp.: 50 C (On); Maximum temp.:
325 C; Initial time: 2.00 min; Equilibration time: 0.50 min;
Ramp #1 Rate 7.00, Final temp. 120 C, Final time 0.00; Ramp
#2 Rate 18.00, Final temp., 280 C, Final time 2.00; Ramp #3
Rate 0.0 (Oft); Post temp: 0 C; Post time: 0.00 min; Run time:
22.89 min; BACK INLET: Mode: Split; Initial temp: 275 C
(On); Pressure: 12.96 psi (On); Split ratio: 10:1; Split flow:
11.0 mL/min; Total flow: 13.1 mL/min; Gas saver: On; Saver
flow: 20.0 mL/min; Saver time: 2.00 min; Gas type: Helium;
COLUMN 2; Capillary Column; Model Number: HP
19091S-433; HP-5MS 5% Phenyl Methyl Siloxane; Max
temperature: 325 C; Nominal length: 30.0 m; Nominal diam-
eter: 250.00 um; Nominal film thickness: 0.25 um; Mode:
constant flow; Initial flow: 1.1 mL/min; Nominal init pres-
sure: 12.97 psi; Average velocity: 27 cm/sec; Inlet: Back
Inlet; Outlet: Back Detector; Outlet pressure: ambient;
BACK DETECTOR (FID); Temperature: 280 C (On);
Hydrogen flow: 40.0 m[./min (On); Air flow: 450.0 m[./min
(On); Mode: Constant makeup flow; Makeup flow: 15.0
ml./min (On); Makeup Gas Type: Helium; Flame: On; Elec-
trometer: On; Lit offset: 2.0; SIGNAL 1; Data rate: 20 Hz;
Type: back detector; Save Data: On; Start Save Time: 4.00
min; Stop Save Time: 22.00 min; Zero: 0.0 (Off); Range: 0;
Fast Peaks: Off; Attenuation: 0; POST RUN: Post Time: 0.00
min; Front Injector: No parameters specified; BACK INJEC-
TOR: Sample Washes: 0; Sample Pumps: 2; Injection Vol-
ume: 1.0 microliters; Syringe Size: 10.0 microliters; Nano-
liter Adapter: Off; Postlnj Solvent A Washes: 5; Postlnj
Solvent B Washes: 5; Viscosity Delay: 0 seconds; Plunger
Speed: Fast; Prelnjection Dwell: 0.00 minutes; Postinjection
Dwell: 0.00 minutes.
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A standard curve was fitted to the calibration standards by
linear regression analysis using multilevel calibration with
internal standard, resulting in the equation:

y=mx+b
Where:
B Area PHB - An "
v= Area Istd ca rato
Amount PHB Am i
A= g - ount ratio

Istd. is the internal standard
m=slope
b=y-intercept

PHB content of the samples was then calculated using the
following equation:

(Area PHB/[ Area Isid) - b

Amount PHB = X Amount Istd
m
Results
The presence or absence of PHB was confirmed using gas

chromatography (GC). Diutan samples from strain S657/pS8
contained an average of 4.0% PHB by weight (Table 4). In
contrast, PHB was undetectable in four samples from each of
two independent diutan preparations from strain PDD3/pS8
(Table 4). These results indicated that strain PDD3/pS8 pro-
duced diutan containing less than approximately 0.05% PHB
by weight (the estimated detection limit of the method).

As discussed above, abolition of PHB production by dele-
tion of the phaC gene resulted in severe metabolic deficiency,
poor growth, and greatly impaired diutan productivity. These
results provide further confirmation of the unexpected finding
that the diutan productivity and yield of a phaC deletion strain
can be greatly enhanced by introduction of a plasmid con-
taining genes involved in diutan synthesis, even though PHB
production has not been detectably restored.

TABLE 4
Confirmation of absence of PHB by Gas Chromatography.
Sample Weight Calculated Wt %
Strain (mg) PHB (mg) PHB
S657/pS8 39.8 1.68 4.22
39.8 1.65 4.16
36.0 1.39 3.86
36.0 1.36 3.79
PDD3/pS8 33.1 n.d. n.d.
(Preparation #1) 33.1 n.d. n.d.
38.0 n.d. n.d.
38.0 n.d. n.d.
PDD3/pS8 38.5 n.d. n.d.
(Preparation #2) 38.5 n.d. n.d.
38.0 n.d. n.d.
38.0 n.d. n.d.

n.d.: Not detected.
The limit of detection was 0.05% by weight.
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Example 5

Diutan Filterability for Enhanced Oil Recovery
Applications

Methods

Diutan fermentation broths were clarified with cellulase
and recovered as described in Example 3.

Filterability studies were performed on 0.04% diutan rehy-
drated in seawater. The diutan solution was passed through a
47 mm diameter NUCLEPORE™ filter (track-etched poly-
carbonate membranes having stringently controlled pore
size, available from Whatman, Inc., Piscataway, N.J.) of the
indicated pore size using a flow pressure of 20 psi. The time
for each 200 ml of the diutan solution (1 or 2 liters total) to
flow through the filter was measured with a graduated cylin-
der and a stop watch.

Results

In this example, the filterability of enzyme-clarified, rehy-
drated products from the PDD3/pS8 strain were compared to
enzyme-clarified, rehydrated products from the S657/pS8
strain. Enzyme-clarified diutan preparations were filtered
through NUCLEPORE™ filters of the indicated sizes, and
the volume filtered is shown as a function of time (FIGS.
3A-3B and 4A-4C). Clogging of filters is indicated by lines
tending towards vertical on the graphs, showing that little
additional volume was passing through the filter as time
passed. Two preparations containing PHB made from strain
S657/pS8 were poorly filterable, clogging filters of 5 microns
(FIG. 3A) and 3 microns (FIG. 3B) before one liter could be
filtered. In contrast, PHB-deficient diutan preparations made
from strain PDD3/pS8 showed improved filterability. Two
out of three preparations were filterable at 3 microns (FIG. 4A
and FIG. 4C), while the third was filterable at S microns (FIG.
4B). Together, these results indicated that the PHB-deficient
strains produced diutan with improved filterability.

Example 6
Description of Plasmids pS8 and pX6

The plasmids pS8 and pX6 are as previously described in
U.S. Publication No. 2008/0319186. In brief, these plasmids
were obtained by screening an ATCC 53159 genomic
sequence library (in cosmid cloning vector pLAFR3) for
clones able to restore polysaccharide production in the non-
mucoid mutant (GPS2) of S. elodea ATCC 31461 or a non-
mucoid mutant of Xanthomonas campestris. Plasmid inserts
were end-sequenced and/or shotgun sequenced. A map show-
ing the genes contained in complementing plasmids is shown
in FIG. 5. The pS8 insert DNA sequence is provided as SEQ
ID NO: 1 (FIG. 6), and the pX6 insert DNA sequence is
provided as SEQ ID NO: 54 (FIG. 7). Predicted gene func-
tions were designated based on homology to other genes in
public databases. Genes contained in plasmid pS8 and pX6
and their predicted functions are listed in Tables 5 and 6,
respectively. Pursuant to the Budapest Treaty for the Interna-
tional Recognition of the Deposit of Microorganisms, strains
of E. coli containing plasmids pS8 and pX6 have been depos-
ited with the Patent Depository at the American Type Culture
Collection at 10801 University Boulevard, Manassas, Va.
20110, and are available as deposit numbers PTA-10102 (de-
posit date Jun. 2, 2009) and PTA-10103 (deposit date Jun. 2,
2009), respectively.

Plasmid pS8 contains the genes dpsS, dpsG, dpsR, dpsQ,
dpsl, dpsK, dpsL, dpsJ, dpsF, dpsD, dpsC, dpsE, dpsM, dpsN,
atrD, atrB, dpsB, rmlA, rmIC, rm1B, rm1D, and orf7. Plasmid
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pX6 contains the genes dpsJ, dpsF, dpsD, dpsC, dpsE, dpsM,
dpsN, atrD, atrB, dpsB, rmlA, rmlC, rmIB, rmlD, orf7, orf6,
and orf5. Based on their homology to known genes, many of
the genes contained in these plasmids are predicted to be
involved in diutan production. The genes in the genomic
region from which plasmids pS8 and pX6 were derived (FIG.
5) include genes that encode the transferases for the four
sugars of the diutan backbone and the four genes for dTDP-
rhamnose synthesis. Genes for secretion of the polysaccha-
ride, dpsD, dpsC, and dpsE, were identified based on homol-
ogy to genes for biosynthesis of other polysaccharides. Two
genes, atrB and atrD, encode proteins homologous to proteins
involved in protein secretion. Two genes, dpsG and dpsR,
putatively encode a polymerase and a lyase, respectively. Two
genes, dpsM, and dpsN, encode polysaccharide attachment
proteins. The insert in plasmid pX6 contained 17 genes
including gene dpsB encoding transferase I (which initiates
the first step in diutan synthesis), genes for secretion and four
genes for dTDP-rhamnose synthesis, but lacks the genes for
transferases I, III and IV and the putative genes for poly-
merase and lyase. Plasmid pS8 contains 20 genes of the dps
gene cluster, including genes for all four backbone sugar
transferases, the four genes for dTDP-rhamnose synthesis,
and genes for secretion of the polysaccharide, including the
putative genes for polymerase and lyase, but lacks the genes
of unknown function, orf5, orf6, and orf7.

TABLE 5
Genes contained in plasmid pS8. Start and end coordinates are relative
to the pS8 insert sequence contained in SEQ ID NO: 1.
SEQ ID NO
Gene Amino
Start End Name Description DNA  Acid
2% 1054 dpsS  (partial) homologous to gelS 2 3
2738 1113 dpsG putative polymerase 4 5
4895 2898 dpsR putative lyase 6 7
5093 6031 dpsQ putative rhamnosyl 8 9
transferase IV
7082 6111 dpsI unknown 10 11
7121 8167 dpsK beta-1,4-glucuronosyl 12 13
transferase IT
8164 9030 dpsL  glucosyl transferase I1T 14 15
10467 9079 dps] unknown 16 17
11076 12374 dpsF  unknown 18 19
12389 13306 dpsD polysaccharide export protein 20 21
13341 14687 dpsC polysaccharide export protein 22 23
14687 15394 dpsE polysaccharide export protein 24 25
15405 16286 dpsM polysaccharide attachment 26 27
16270 16968 dpsN polysaccharide attachment 28 29
18454 17060 atrD  secretion protein 30 31
20637 18451 atrB  secretion protein 32 33
21229 22641 dpsB glucosyl-isoprenylphosphate 34 35
transferase I
22757 23635 mmlA glucose-1-phosphate 36 37
thymidylyltransferase
23632 24198 mlC dTDP-6-deoxy-D-glucose-3- 38 39
S-epimerase
24202 25263 mlB dTDP-D-glucose-4,6- 40 41
dehydratase
25263 26129 mlD dTDP-6-deoxy-L-mannose- 42 43
dehydrogenase
26277 26146 orf7  (partial) unknown function 44 45

*First in-frame codon; the start codon is not present.
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TABLE 6

Genes contained in plasmid pX6. Start and end coordinates are
relative to the pX6 insert sequence contained in SEQ ID NO: 54.

SEQ ID NO
Gene Amino
Start End Name Description DNA  Acid
1 336 dpsL (partial) glucosyl 46 47
transferase IIT
1773 385 dps] unknown 16 17
2382 3680 dpsF unknown 18 19
3695 4612 dpsD polysaccharide export protein 20 21
4647 5993 dpsC polysaccharide export protein 22 23
5993 6700 dpsE polysaccharide export protein 24 25
6711 7592 dpsM polysaccharide attachment 26 27
7576 8274 dpsN polysaccharide attachment 28 29
9760 8366 atrD secretion protein 30 31
11943 9757 atrB  secretion protein 32 33
12535 13947 dpsB  glucosyl-isoprenylphosphate 34 35
transferase I
14063 14941 rmlA glucose-1-phosphate 36 37
thymidylyltransferase
14938 15504 rmlC dTDP-6-deoxy-D-glucose-3- 38 39
S-epimerase
15508 16569 rmlB dTDP-D-glucose-4,6- 40 41
dehydratase
16569 17435 rmlD dTDP-6-deoxy-L-mannose- 42 43
dehydrogenase
18288 17452 orf7  unknown function 48 49
19433 18618 orf6  unknown function 50 51
19751 20683 orf5 unknown function 52 53
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SEQUENCE LISTING
<160> NUMBER OF SEQ ID NOS: 54
<210> SEQ ID NO 1
<211> LENGTH: 26278
<212> TYPE: DNA
<213> ORGANISM: Sphingomonas sp. ATCC53159
<400> SEQUENCE: 1
gatcaacggc gccttgctceg gacggcacaa attcgtcctg gtcaatgtgt ccacggtege 60
ctcttegata ctgttecage tgttcceget tgtegtcecgece tggatgatceg gecccggacct 120
gcgaacgctg ctgatcgecg cgctegttgg ccgggeggtt ccegatgatcg gcatgetgec 180
cgcgctgtat cgaaaccttt tgcgcggcaa cacgccgegt tttcacgcca gegaggegeg 240
cttcctgata ggctatggeg ggtgggecte getcacgacce gtggtagega ccgtgetcat 300
gatggcggac cgcttcctga ttggcgcact tcttgggccce gtegeccgtga ccatctacac 360
ggccccectyg caactcgcac agcgcgtatce gectgctgecce tcegcactgt ccgecgeget 420
gttceccegege ctgcccageg cgacgccegge ggagcegcatg gegettcaga tccegeteget 480
gtcgetgate atgggcggece ttaccgggat gatcggegge ggactattge tggeccgegec 540
gtttctcecgat ctctggatcg gcaagtceget cggccatgeg ggaacgcecgyg tcgegetett 600
cctgttette ggegcatggt ggaatgecgcet ggcgatcatt tcecgttcageg gectgeagge 660
gagcggacgg ccgaaagcga gcgcgatcegt ccagggggca gagetgctac ccgtgttgat 720
cgecgctgtat gcagggatcce gatggggcegg cgtgaccgge gecgcagegg tcetttetggg 780
acgctccgec ctggattteg tcctgttgac ctggcaggca ggcectgctece gccagacggt 840
gaagcaagta tccgtatgcg gegcecgttet caccgtegeg atgetcegtgg gegegaccta 900
tecgctatteg gtgecegetet ggtgegtact cagegcectge tgcctggteg cgetggcage 960
ctgctectgg tggacattgg cgcgccagga caaggcactg ctgattggac gattgagcecg 1020
aattctacca aagcagcggc aactcgacct atagcctttce cgcaatgcac cgatggacca 1080
caccaacccg ttttaattga cacacacaaa tgctacaccg acaaagacac aggccgagag 1140
cgatatagaa gcgctatgcce tagccccage gtcataaaga tgaacgggtce attgtcacct 1200
tgcgacagga ctgaccgcgt atttaaaaga acagccagga aagttgctac ggcgagctca 1260
agcgggtagce catctceget catcttaaga ccacgaaacg cgagcaaaat cattaacgta 1320
atcatcgtgc cgtatagcga aacaaaaccc agcaagccegt aatcagccge tacggacagg 1380
aaaccactgt cgatcgatag gaagccttge tgattacgcce acccgacagc gccagcaccc 1440
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-continued
tcteececggge catagecgaa gaaagggegg cgagcegatgg caggcacgece caagcgaaac 1500
tgctecctgee tgcecttgatt gectaagttga gaagcgectce caccgagaac acggttgtgg 1560
acggcaggca cgaacatgac cgccagcgac agegccacca tcaaggcggyg atacgtcaac 1620
gtcagcgaaa tgccgacaag cccgcccttt gtggteccgec accgceccgaat tgcccaaata 1680
agcaaataca cggtatgcgc caccaatccce ceccaccattg ccagtcgaga accgctaaga 1740
aatccggacg caactacaag aaaatcgaag aaaatccaaa atgccaatct ccctacgceca 1800
cgggaattcg ctatacggtyg cagcacgaaa ggaatcgtca aagccgtcaa ctctccccag 1860
acaagcggac tgctgaaagt cgtcaaaacg cggtaagtac cccggaaacce gggcgtaage 1920
actacggtaa gaaactgctc atcaacgcge aggaagcteg gaatcgagta ggcccagagg 1980
acgtgcttca cccggaactc cagcacgeca atcgccatca gcacgcccac gcaccaaaac 2040
aagcgegtaa cccaccactce cggggtgege gtgteggtece cgatcageca tagcgagatg 2100
aatgccatcg gecgtcacegt cagaacgatg ccaatcaacc gcggaattgt ttgcgaggcece 2160
gctggggteg caatggaggce gacgatctgg accataatga aggcaagcaa tagtcgcgat 2220
gggatcggeg ccgceccgcat aatcgceccegece atctcggatce gaaacttttt cgagaccgaa 2280
agcgagatca tgagcgtgag caatgcgatc gaaccgatca tccgcctgat cgagatccaa 2340
ggcaaaccac caacgctgag cgcaagatag ttcggecaca cgagcgecgce caccatatag 2400
gcgaggtata gttttgccag caggcgagta ggcgcctgece gegecteggg tagecgcccag 2460
atcactacga gcgccatcag aacgaggggce acggccggga tegecagcat ctggagegge 2520
agaactgcgg cgagcaggcce gtagactgeg gcaagaaaca tcacgctgac cagcagaacg 2580
gtacgccgeg ccgcgatcegt cacgcectgat cgctecggcett tgtagacggg cagtaccggg 2640
atcgctgget ttgtcagaaa ccgaaccagt cgcaacctgce gaagccgctg catcgctecg 2700
tggaaggcceg ggcgacgaaa cgccgaggta gtegtcatet gcaagtcccece aacaagtcce 2760
caagaggcge tgccegetege atgatcgaag ggttcegcgaa aagcaaggtce gatacgccge 2820
actcectgeg atgtgecgece ggatcgeagg agggcacggyg cggegecgge gcaaggecge 2880
tcaccgeceg ceccegctea ggcgceggtac aggttgtact gatccgeccgt agecgctcagt 2940
gtcgecgege tgcggattge gcccatcegece cccgeggtceca tcatgtcgac accgatcettyg 3000
ctgacgageg cgatctgcga ggacgceggcea gtacctatag acagegtact gcccaccegtg 3060
gecaccgteg caageggegt tgcegtgcta geggegecgg cacccgecag cagegcageg 3120
gectgegegy cegegecggt gacgaggetg tecttgaceyg tegecgecge getggegete 3180
gacgcggtea ccagegectg cacctgggeg gegcetgateg cgecatcegeg gatctcegatg 3240
tecgecgaceg ttceegetgaa tgcggtegag aacgggcetge cgacatacag cccccaggat 3300
tcggegggee gggtegtgee ggtcategte gctgtgecege gttgcatgece gtcectacgtac 3360
agaatcgcgg tttteccgegt getgtegtag gtcagggcega tettgtgtgt ggcagcatca 3420
agcagcttgg cgccgctegt caccattgte tggctgacge cecgceggcegtt gegcatggtg 3480
aagctcagtt ccccattggce ctgcagcgaa accgaccagce tctggaagat gccaagaatt 3540
tgcceggeeyg tggecgtage cgagtcecge ttgaggtega agetgagegt gaacgecgac 3600
aatgcgtaaa tctgccgcga atagcteccgg tttagttceca cecccecgtgece cgtcgagacg 3660
tggaaggcgce tgcccacgac cgccgacacg tccaccgect ttgtegtcectg gecggtatte 3720
cagtgcgaaa ggtccacgac geccgetgttg ctgaacgaca gatcgagcag cagcgacgga 3780
tttgcecgect tecgcagtcga cagttceggta gtcacctgag cggcagcagce gctcgacacg 3840
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-continued
ggeggetggt acccgacgece gggaacgatc aaatcgetga gecgegecgt agecccatceg 3900
ttgaggccat agatcttgceg gatcgttgce gagtcacteg tcagcgtacg attgectgte 3960
tgcacgatat tgctcgagga gcttgtgacg gtgatcaggt ccgcaacatt gttcttgatce 4020
gtcgegecat tggttttgte gaggcgaatc caaaatgatg tgccatccac ttgcgatatce 4080
acgctattgg attcgatatt gacattaacg ccgttaacaa cgttgatacc gtggtaataa 4140
ccattcagat agataagatt gtttttgatg tttacattga catagggaag attaccggcc 4200
tcgtcattca tgaaaatccecce ttgcgcegcca gageccgege cctgcatgat gacgttattg 4260
gagatggtga tgttggtatt gcccttgacc ttgcccgceg tgaagaactg aatggcgtceg 4320
ggatgttcgg tgcccacggg aaacaggttc gtgaacgaat ttccgtcgat gacaagattg 4380
ttcatctcag tgaagttegt atgatcgcge cggttgtegt ggaagctget gttcectggacce 4440
accatgccat cgacgttgta ggcctcaagg cccagaccga agtggtcgat agacgaattce 4500
tgcatcgtca ccgacgtgct gttgcgecacg aacaagcceg cccecttega gagcgaaggg 4560
tcaccagtge cgccgetgaa ccgcacgecg tcecaaaacga tgttggcecga accctggate 4620
gtattcagtc gattccagtce atcggcgggce ttgtaatcgg tcegcagcgac catgtttttg 4680
acggtaacgt tgctactgtt cccgatcacc agcttttgga tattgaccgg gttcgacgag 4740
tcgagcgact caattgtcac catgctggta aacgtcttgg tcattacagt gagatctgtg 4800
tagaccccgg cggcaagcett gatggtttcg ccaccctteg cecgccgcecgat tgcagcatte 4860
aactccgtcet gattcttgac aatgatatcce ggcatgttga cttaccccecgt acgcacgaac 4920
ccgggecgat attgacccectt ccattgtcat aaataccaga acagccatga aatttgctceg 4980
aagggataca gttaagaact cccttctacg gggccgcatyg cegggeccat gcacgeccga 5040
ctttecgecgg caccgtcteg acggcgcaac acagtgcage tactagggtg cgatgcagat 5100
gctececcaacyg cccgatgtca gcatactegt ggtcgettte aactcgaccg agtatatcga 5160
agactgcctg cgcggecatcg ccgaaggage gggcaagacce ccccacgaag ttctgetgat 5220
cgacaatggce gacgggcgaa ccgaageget ggtccggeag cggttccace acgtecgcat 5280
cgttceccagt gagggcaata ttggtttcgg ggccggcaat aatcgectgg cagcgcaggce 5340
tgccggeceg ctectgcectge tegtcaacce cgatgccatt cecccageceg gegcaatcga 5400
tcagttggtc acctttgcca aacagcatcce cgaggcggceg gcatggggeg gecgttecta 5460
ctcgeccage ggcgatctag aacccgcaaa tttcecatgtece ctgccgacge ccgecgactt 5520
tctgacggeg attttcaacg cgecgtgeget acgcagegge gggctgcaag aaggegcgac 5580
cacccecegga geggtcgagg tgttgaatgg cggcecttcatg atggtacgca ccgatgtcetg 5640
gcaggcgatc ggcggttttg acgagagett ttttcectttat tcggaagaga tcgatctett 5700
ccagcgaatc cgcacgttgg ggcacaaggt gctcgtcgac ccctcggtca aagtggtaca 5760
caatacgggg agtggtcagt cgatgtccca gaaccgectg atgtatctca cgaccgggcyg 5820
catgcactat gcgcgaaagc attttggcge actcggcacce cttgccaccg ggtgcgcgcet 5880
ttggctgatc geccgccaaat acacgttggt cggggcggca ctctggcecgece tgtecgecgeg 5940
gacgggcacg cgatacaaag agctgagcaa cgggtggcgt gecgtattta gcaatcetgg 6000
ccgatggtgg agceggetatce cgegtegeta aaagtccage tceccccccee ctaaaggcege 6060
cgttgggagg cggacgcatc gttgcaacaa cgcgcccgcece tttcagacct tcagttceccce 6120
gcecggegttyg cgececgetgcee gcgaagetge ggcggtgcge tgtagcecggce ctgatattte 6180
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acggtttece

cgcteggtac

accgtggteg

tectgtgeceyg

atctgegacyg

tccagegtet

acgacctgat

tatttctcga

atggcggtga

tccagettet

gccagetget

gcattcaget

tcgagettge

gtaaccaggt

aaacttctac

atggttctaa

agatggaaag

ccggcaaatce

agataccgeg

tgcgectegge

cectgegecag

cgcgggcgca

tatcgaaage

cgcgacggtyg

gttcgatceyg

gangthgC

c¢gecggeggy

cggcatccee

gegegatgeg

cgeeggetge

tcaccaggaa

cgagecgecag

caccgaccac

gcgatgagca

cggetetgec

gtcggegaca

gegeggatceg

gcagegegtyg

ctggegggceyg

cgcaageccg

gegecttett

gecagcccget

acgtgatgat

gcagcgacge

gcgegegacy

tcagcggege

cgatcgegta

tcteggeate

ggatcagctce

gCthnggC

cggecagett

cgaagacggt

cgececttgee

acaatttctt

ttgaacctat

dcggagecag

gectcecaage

ctcgatctgg

cteggecgga

caggccaage

agcctttega

gtctatttea

ttcegegeget

acgatcgtee

ttcegectge

gecacectge

ctgecegggea

gacgtcgaga

gatatggtga

cgggtcgtcg

gagatcgece

cteggegecyg

acggeecteg

cgcecceggat

tggatgeget

acaattcgec

tgaccattct

gegagatect

gcacgaccag

aagggccgec

caggcggtcg

gagegegate

attcgeggte

gatcttggca

gaactggaca

gaattgcttyg

gatcttgege

ggtcggetgg

gthgCCng

gaccttggeyg

gegateggte

gatttetteg

gccacatecyg

catgaagacc

thganggC

geggcaacaa

cgctgaaaat

aatcggtgtyg

gecttgecga

tgggccatce

tcectgegecy

cegegetget

tcgaccacce

agtcggcggc

tcgatacacc

cecttecegeyg

agctgatcct

tcegeegtac

tatgccacgyg

cctttecgeyg

agaccttege

ctgtggaage

ngCgngCt

cagcgtegte

dgagcggeag

ctgtgggete

dgaaaagggy

cgectttace

ggtegegect

gaacggcgcece

ttgagctgtyg

tegegegect

agtccetget

gegatttecy

ttgtcegeeyg

agctttgegy

tgcgcgaace

gegatgeege

cgctectgga

aggatcttge

cccgggggta

ccatcgacge

gagacggcca

tcececegeegy

gggcatcege

dggggacgag

gtgccttgea

gegegaacac

aaaacatccc

cttgcgeatyg

gcacaagccyg

cgccaaactyg

gtctgectte

gctgaaagaa

gegecegece

gctggtgcag

gcaatatgge

catccegtte

cggcaccgga

ccgecacgat

cgaccggggce

ggccaaggca

gegecagety

atcccgeact

acgatcggte

geggeggtgg

gcgggccccg

gacagtgact

ggcegtttea

gaggcgctgg

cgtcageege cttgccgaag

ggteggeegyg caccggeage

gggtcggeag gatgaacatce

geggecagege ageggtgteg

agagcttgge ggttagetgg

ccgagetegyg cggagcegaag

getecggatyg cgeggectga

cggegatett gtegegcage

tcaggaaggce aggcgtettg

getegatgat gegetgecage

cctgggagge ctgcagtteg

tggcgaccac ctgccecttyg

gegeggeege agecaccegece

cacggaattyg cgcacggcac

aatagcgttyg gcagtgcage

atggcagaag cgaacgcggt

gegtegggeg geggecatcet

gattatttct tcgttactga

gtcgaactgg tggagcacta

ctgggeggeyg catggegcaa

gatgtggtga tttccaccgg

tcgggegeca agttegteca

ggcaagatgg tgaagggcat

acctggectyg atgccgaget

aagcaggcgce taatcttege

gecagtgcteg acctgaageg

gaccaggace tgcccgatce

gacgatctge agetgetget

tcgetggtea cggegetgeg

ctgggcgage attatgacga

ctgctecagyg cggtgegega

accgagcege agctggegac

ctggegcagt ggagtgccaa

ataacgatcc gcaatccttg

gegacgegtt cgagatcate

aggcggcggt CgCngant

cgcgcaacgg ggcggcagece

gegtggtgga gcceggetgg

tcggegggcea catgtatgtg

agatggcget ggegttegac

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680

7740

7800

7860

7920

7980

8040

8100

8160

8220

8280

8340

8400

8460

8520

8580
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aatgaaggct atgtgcggceg cacccagttce acggtcaccg caaacctgtt cgtgatgegce 8640
gccgattteg aacgggtcgg cggcttecge gttggegtgt ccgaggatct ggaatggtge 8700
caccgggcega tcgecagegg cctcaccatce aactatgcac cggatgcatce ggtgggccac 8760
cegeecegge ccgactggte ggccctgetg gtgaagacge ggcegcatcca gcegcgaacte 8820
tatctgttca acatcgagcg gcecgaagggce aggctgceget ggctggtceeg tteegtggeg 8880
caaccggcega tgatcccaca ggacgtggece aagatcctge gcacaccggyg taccaaggge 8940
gegegecteyg ctgeggtcac cacgetggte cggcetgegge tgtggegegg cggegecgge 9000
ttgttgcagt tgctcggccg cgacatctga tcgaccggceg atcggccgac gagcgcegtceg 9060
ccggcecgate gecattgcate agacggtggce cagecgcgtet tecagegtge cgctgtecgag 9120
cecgecaggegg ccgatcatca gccacagata gaccggcage gtatcegtegyg tgaagcggaa 9180
gcggcaateg cegtectgeg ttteggatte gaggccgagt tgaccggtga gctegceccag 9240
ctecctgeteg acctgcecgeceg cegtgatgtg cgecgeccegge agcagatcca ccacggcettg 9300
geegetgaac cagecatceg ccgagegcega ggectegece agegecgega cgagtggatce 9360
gtagcggeeyg ccgacgaact tgcgecatcte gatcaccgeg cgeggeggca tgeggcccte 9420
gatctcaagyg atcgectggt cgagegcacg acgcagatge ceggcegtega cegtgaggeg 9480
geectggtee agggcttceca gegeggaatg gtggcacage agecgcegega aatagggega 9540
cceccagegeg agcaggtgga tcatgtgagt caggtcecgga tcegaagcgaa cgcccgaggce 9600
ggtttcgeeg agecgcgatca tctectgcac ctcecgattece tecagecggg gcatcggcag 9660
gccgatgacg ttgecggcgga tcgacggcege ataaccgatce agetcectgca ggttcecgagge 9720
gacgccegeyg atcaccaget ggacgegege cgaacggtece gacaggttet tgatcagetce 9780
ggcgacctge tgacggaagg cggaatcgct gacgcgatca tattcgtcga ggatgatcag 9840
cacgegtgtyg cccegtgatgt cggcgcacag gteggccagt tegecgggece cgaagetgece 9900
cgteggeagg cggteggeca agttgecgece getctecgee tegecggegt tgggegecac 9960
gccgegatgg aacagcagcg gcacgtcette cagcacggeg cggaagacat cgctgaaatt 10020
cgegttegeca cecgcaggteg catagctgac gatatagetg gattcgeggg cgacatcggt 10080
cagcacgtgg agcagcgagg tcecttgccgat gccgcgeteg ccatagagca cgacatgget 10140
gcgetggete tcegatcgagg agattaggeg cgccagcacg ccgaggcgcece cggcgaaget 10200
cgaccgatcg geccaccggcet gggtgggtgt gaagaaggtce gccagcgcga accgggcgeg 10260
cgtgatcteg cggcgctegt cgcggeggceg atccageggg cggtccageg cggaggcacg 10320
gaaggttggg aaatccgggce gaccacggcc gctatgggca tcgecgatgceg gcaccactgt 10380
cgcagtcagce gggaaatagce cctcttette aggttcttet cgacggccga acggccacaa 10440
gaatctcagc gcggaaccta cagccactcg aacacctctt aaattcgtgce gccatcggca 10500
ccgacggcgce accctggtte gegcecccctg gcecgeccecte ctaacgaacce cacgecttge 10560
ctggcctatce ggcgcttgaa gaactcegtac ggtttgatca ccaaggcgat gtacgccagg 10620
accagagcga tcgtcaaaat tgcaaagacg tgataattct cattgecccag ataattggeg 10680
acggcgcaac cgactgcggg cggcaaatag ctgatcatcg tgtcccggac tgccgaatcg 10740
gcttgggace gttgcaggaa tataacgatc aggccggcaa atatcgcgat ggtgacccaa 10800
tcatagggcg tctgcatgca tgtcectttet attcgacacce ggaatcgaac cattteccgge 10860
gacgctattg cacgcactag cagtgcgcgce ggccgctcecge taggtagegce cgcaccggat 10920
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aaaccgacgt taagatggcg cggctcgatc gaaatggagt caaacgggct tgcccecggceccg 10980
accgaagcat ggcgccatgg cgcatgcacc gtattgtgac cacgcaaacc gcgagggtca 11040
ttcgatgegg ttgcttgtac aggaggccat tgataatgaa gccgagaccce gggggaacct 11100
ttatgcaagt aaatttcaat cgacaggctc gcaagctcgg tgccggcaat gecgctegege 11160
ggggggggcec cgtgcttgcg ctgcttgcga ccgcggcatg gacacaacct gcgetggege 11220
agcgacaggce atttgagtcc cgccectcecceg gtagcgageg acaggtcgat attcgegega 11280
cggggteget ggaatatgac gacaacgtcg tgctgaacga ccagcggatc acggacggceg 11340
cgegtggega tgtgatcgca tegcceceggge tggacgtgac cctagttcetg ccccgegeca 11400
ccgggcagcet ctacctcacce ggcaatgtceg gatatcgett ttacaagcga tataccaact 11460
ttaaccgcga gcagatcteg ctcaccggceg gcgcagatca gecggttcegece tectgegteg 11520
tgcacgggga agtcggctat cagcgccacc tcaccgacct gtccagcatc ttgatccagg 11580
acaccacgcce tgcgctcaac aacaccgaag aggcccggca gtacaccgceg gatatcgget 11640
gcggegcgac ctacggectg cggectgceg tttectacac ccgcaacgaa gtgcegcaaca 11700
gccttgeecga gegecgatac gcggactcga ataccaacac ctttaccgca cagettggee 11760
tgacttecgece tgccectgggg accgtggcegg tatttgggeg tatgtccgac agcagetatg 11820
tcecategegt cecttececgge attaccggece aggacgggat gaagagctac geggecggeg 11880
tccagetega gegctceggtyg gecaaccgac tccatttcaa cggcteggtg aattacaccg 11940
aggttgaccc aaagctcgca tccaccaaag gattcaaggg cgtaggattt aacgtttcceg 12000
gcgattatge tggtgatcag tacagcctcecc aattgcectgge ttcacgatcg ccccagectt 12060
cacttcttet gttcegtgggt tacgagattg tgacagcggt ttcecggcgaat gcgacgegee 12120
ggctgagcga tcgcattcag atatcgetge aaggcagcceg aacctggcegce gagetcgegt 12180
cttecgegget getcaccaac gtgccgattt ccggcaacga caacacctceg acgttgtteg 12240
ccteecgetac ctteecggeeg aatcgecgge tgagetttgt getgggtgece ggecttcage 12300
ggcgcaccag caacacgcag ctatacagtt acagctccaa acgcatcaat ctctcgacgt 12360
cgcttteget ctgacaaggg ccgtaatcat gcatatcaag aatcgettcecg tgaatatcte 12420
gacgttggece atcgcecgcecg cgctggecac gecggeggeg gcegcagatce ccacgeggte 12480
cgtgceegeg cecggeccgece cgcggectge aacgccgecg gcgcaacagce agaaccaggce 12540
gcecgtecgacyg cccgcagcgg caaccccegge gcagaccgec gcaaccgttg ccectgcage 12600
aaccgcaccce gcaggttaca aaatcggcegt ggacgacgtg atcgaggccg acgtgctcgg 12660
ccagaccgac ttcaagacgc gcgccegtgt gcaggcggac ggcacggtga ccctgeccta 12720
tctgggegee gtgcaggtca agggcgagac cgcgacctceg ctcecgccgaaa agctggccgg 12780
gctgetgege gecggeggcet attatgccaa gecgatcecgte agcgtcgaaa tcgteggttt 12840
cgtcagcaac tatgtgacgg tgctgggcca ggtgaacagt tccggectge agccggtcga 12900
ccgeggcetat cacgttteceg agatcatcge ccecgtgcegge ggectgcecgece ccgaagcegge 12960
cgatttegte gttctcacce gegccgatgg ctccagegee aagctggact acaagaaget 13020
cgcccaaggt ggccccaatg acgatccgat ggtgacgcce ggggacaagg tctttgtcce 13080
ggaagtcgag catttctaca tttatggtca aattaacgcg cctggcgtat acgcgattcecg 13140
atcggacatg acgctccgte gegcecgetgge ccagggceggdt gggcttgcecce cecgcaggcte 13200
cgtcaagcgt gtgaaggtca cgcgggatgg caatgaactc aagttgaagc tggacgatcce 13260
gattctceca ggcgacacga tcgtcatcgg cgaacgattg ttcectgatctt ggcaacgatg 13320
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gcagcggacg aggcccacca gtgaatatca ttcagttctt ccgecattcectg tgggtgcegee 13380
gatggatcat cctccecggeg tttetegttt gegttaccac tgccaccatt gtggtccagt 13440
ttetgecccga acgctacaag gccactacgce gggtggtgct cgacacgttt aagcccgate 13500
ccgtcaccgg acaggtgatg agctcgcagt tcatgcgege ctatgtcgag actcagacce 13560
agctgatcga ggactatgeg accgcecggte gcgtggtega cgaactgggce tgggtgaatg 13620
atccggcegaa catctccgeg ttcaacaact cgtceccgegge tgccaccggce gacatccgee 13680
gctggctege caagcagatce atcgacaata ccaaggccga tgtgatggag gggagcaaca 13740
tcetecgaaat cacctatteg gacagcetcecge ccgagcgege cgaacgcatc gccaacctga 13800
tcegecaccte gttectegece cagtegeteg ccgccaageg ccaggcecgeg accaagtcgg 13860
ccgactggta cgcccagcag gcecgaagctg cccgcgatte gectegetgeg geggtecagg 13920
ccegcaccga tttcegtgaag aagaccggca tcgtgctgac cgaaaccggce gecgacctgg 13980
aaacccagaa gctccagcag atcgaggggce agacgacgac cgccaccgcece ccggttgecca 14040
tggccececag cggcatggge ccggcgcaga tgcagctege ccagatcgac cagcagatce 14100
agcaggcagc gaccagccta ggtccgaacce acccaacttt ccaggecttg cagcggcage 14160
gcgaagtgtt cgccaaggca gcggcggcgg aacgcgcgca ggcgaacggce gtatccggte 14220
cggcacgcgg ggccatcgaa agcgcagcca acgcccagceg cgcgegggtt ctecggcaate 14280
gtcaggatgt cgacaagctt acgcagctgce agcgtgacgt ctcgctgaag caggatcagt 14340
acatgaaggc ggcacagcgce gtcgecgatce tgcggctgga agcaagcagce aacgatgtceg 14400
gcatgtcgac gctcagcgaa gcatcggcge cggaaacgcec ctattacccce aaggtgccge 14460
tcatcatcgg tggtgcagec ggctteggee tcecgggctegg tcectgetggte gegcectgeteg 14520
tcgagetget cggccgceege gteccgcagee ccgaggatct ggaagttgceg atcgatgcac 14580
cggtgcetggg cgtgatccag agccgegect cgcttgeecge ccgecttege cgcgeccaag 14640
aaaccctegg cgaaggtgcec gacacgcacg gagcttcagt aaactgatgg acgcgatgac 14700
cagcgaaccg ctgcccgaag gcgatcegtcee gagegcegtg ccgaccacgce cggatacgat 14760
cggcatgctce gaataccagce tecgtectcete cgatccgace gggatcgagg cggaagcgat 14820
ccgecgegeta cgcacgcgca tcatgaccca gcaccteege gagggcecggce gegcgetcge 14880
gatctgcgee gecteggegg gatccggetg cagcttcace gecgtcaatce tggcecgacgge 14940
gctggcgeag atcggcgtta agactgceget ggtcgatgec aatctgcgeg atcccagcat 15000
cggcgcagcece ttcecggecteg ccgccgacaa gcccggectg gceccgattate tegecteggg 15060
cgatgtcgac ctcgecctega tcatccatge gacccgecte gaccagctcet cgatcatccece 15120
ggccgggcecat gtcgagcaca gcccgcagga actgctcecgeg tcecgaacagt tccatgatcet 15180
ggcgacgcag ctgctgcegceg agttcgacat cacgatctte gacaccacgg cgtccaacac 15240
ctgcgecgac gcgcagcgtg tegcgcatat cgccggctat gecgatcatcg tggcgegcaa 15300
ggatgcgagce tacatccgcg acgtgaacac gctcagceccge acgctgcegtg cagaccgcac 15360
caacgtcatc ggctgcgtac tgaacggcta ttgatttgga ccatatggca gcgaccgcga 15420
tgacgcggca gcaggagagg aagggcggtg gctattgget ggecgttgece ggtcttgecg 15480
cgctaaccat cccgacctte atcaccctgg gtcgcgaggt ttggagtgcg gaaggceggceg 15540
tgcagggtcce gatcgtgcte gecacgggceg cctggatget ggceccgceccag tgctcecgacga 15600
tcgaggeget acgccgcecece ggcagegtge tgctcecggege gcectgttectg ctggecgacge 15660



37

US 9,260,734 B2

38

-continued
ttgcctteta caccgttgga cgggtgtteg acttcatcag tgtcgaaacc ttcggactgg 15720
tcgecgaccta tectggtcegte gectatcectet attteggtge cagggtgcte cgtgecgect 15780
ggttcceggt getgtggetg ttettectgg tgccgecgee cggcectgggece gtcecgaccgca 15840
tcaccgcacce gctcaaggag ttecgtcetect atgeggcaac gggcectgcett tectgggtgg 15900
attatccgat cctgcgccag ggcgtgacac tgttcgtegg cccectatcag ctgctegteg 15960
aagatgcctg ttcgggtetg cgctegetgt ccagectggt cgtegtgacg ctgctcetaca 16020
tctacatcaa gaacaagccg tecctggegcet acgeggegtt catcgecageg ctggtgatce 16080
cggtggcagt ggtgaccaac gtcctgcgga tcatcatcct ggtactgatc acctatcatce 16140
tgggcgacga ggcggcgcag agcttectcece acgtctceccac cggcatggtg atgttegtgg 16200
tcgeceetget ttgcatctte gegatcgact gggtggtcga gcaacttcett ctectgegte 16260
ggaggcatca tgttcaaccg gcgtgacctg ctgatcggeg caggctgett cgecgeccget 16320
ggcgectege teggectgaa gccgcaccgg cggatggacce tgctgggegg caccaagctce 16380
gacacgctga tgcccaaggce attcggcegca tggaaggcag aggataccgg ttcegectgatce 16440
gcgeeggege gcgaaggcag cctggaggac aagctctaca accaggtggt cacccgcegece 16500
ttecteecegeg cggacggtge ccaagtgatg ctgctgatceg cctatggcaa cgcccagace 16560
gatctactgc agctgcaccg gccggaaata tgctacccegt tcettcecggett caccegtggtg 16620
gaaagccatg agcagaccat cccggtgacg ccgcaggtga cgatcccegg tcgegegetg 16680
accgccacca acttcaaccg caccgagcag atcctctact ggacccgegt cggcgaatat 16740
ctgccgcaga acggcaatca gcagatgctce gcgeggctga agagccaggt ccagggctgg 16800
atcgtcgacg gtgtgctggt gegcatcteg acggtgacge ccgaggcgga agatggcctg 16860
agcgccaatce tcgatttege gegcgagcetg gtgaagacge tcgacccgceg cgtgetgege 16920
ccgctgeteg ggaacgggct cacacggcag ctcggtcace aggtctgaac cggtgegecg 16980
cacgcggcge ccccggcaac aaaaaaggag cggcgcgggce cgcecgecgcet cectetectt 17040
ctcatgegge gecctgcect caccgcetegt gcagecgegte actccceccegte tecgagcacgg 17100
gcceccaccag atagctgaac agggttceget tgccggtgac gatgtceccgeg ctegegagca 17160
tceceggeecg cagceggcace tgtgcecgecat gggccagcac atacccgcege gecagegcga 17220
tcegegectt gtagaccgge ggctggttcet ccttcatcectg caccgecteg gggctgatge 17280
ccgccaccgt gecgggaatce atgccecgtage gggtataggg aaaggcctgce agcttcacct 17340
ttaccggcat gccgatgtgg acgaagccga tgtcgctgtt gtcgaccatc accteggect 17400
cgagccegggce attgtcggga accaggctga ggagcggctt ggcecccttece accacgccge 17460
ctteggtgtg gacctgcage tgcgagacgg taccgctcac cggcgegcege agttcegegga 17520
acgagctgeg cagattcgec ttggcgacgt cctegcegeg ggcacgcacce tegtectgeg 17580
ccttgaccag atcctgcage acctgcegcecce gcgectecte gegegtettg gecgacagge 17640
tggagacgct cagcgactgce tggccgagtt tggcgagegt agcecgecgcegece gecgtcaggt 17700
cctgecgete ggcgatcage tggcgacgca tctceccacgac gcgcagcecttce gagacatage 17760
ccttggegge catcgtcteg ttegeggcga tcetgctgtte gagcagcegge agcgactgtt 17820
cgagctteceg cacctgtgece tgcgectegg ccgecggecga gacggcggca ccgcgatcgg 17880
agcggcecgece ggccagcgece gectcecgatcet ggcccagecg ggcgegggeg aggccecgcegat 17940
gcgtegecac ttegeceggg ctggcggcegg caggcgcgac gaagcggaag cccectgecegt 18000
ccagcgegte gatgatcgec tggttgegtg cggcgtcegag ctgggegcetg agcagegcca 18060
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ccttegectyg tgccgectee gecgacgaca cggtcgggte gagcegtgatce agcacctgge 18120
ccttggegac cttcectgccece tegcecccacca ggatgcggeg gacgatccecce gattegggeg 18180
actggacgat cttggtctecg ccgatceggceg cgatccgece ctgcegtcecgge gecgacgactt 18240
cgaccttgcece gatcgccage caggceggcegg tgatcgccag cccggcecage atcaccttgg 18300
cggtaagcecg cgcggtgggce gaaaccggcece gctcgatgat ctcecagegeg gcaggcagga 18360
aggcggtgtce ataagcgtceg acgcgggcag gcagcacggt atcgcgcatg cgggcgagceg 18420
ggcecgecgeg gcegcatcgga acaacggcgt tcatgecggca atctccccat agecgceccecctg 18480
gcggeggtge aggtcecggcat agceggccgec caggcgcaac aattcgtegt gteggeccget 18540
ctcgacgatg cggcecctgtt cgagcecgtgat gatccggteg cagctgcgca ccgcgetcag 18600
gcgatgcgeg atcaccacga gcgtgcggece ggccgagatg gcecgcgcaggt tgttectggat 18660
cagctecteg ctceteggecat cgagcecgccga ggtegctteg tcgaacacca ggatgegegg 18720
attgccgacg agcgcgceggg cgatggcgag ccgctggege tggcecgcecgg agagattgac 18780
gccgegeteg acgatctcegg tgtcatagec gegceggctgg cgcaggatga aatcatgcege 18840
gccggcecage gtegecgecg cgacgacatt ctcgaacgge atggceggggt tggagagcecge 18900
gatgttcteg cggatcgage ggctgaacag cagattctec tgcagcacga cgccgatctg 18960
gcgacgcagce caggcgggat cgagctgcge cacgtcgacce tcegtcgacca gcacgcggee 19020
gagattcggce aggttgagcce gctggagcag cttggccage gtcgacttgce ccgagcccga 19080
cgaaccgacg atgccgagceg aggtgcccgce cggaatgtcg agcegtgatgt cgctcagcac 19140
cggcggcetgg tcecteggcat agcggaagct gacattcteg aagcgaatcg caccgegcag 19200
caccggcagce gtcgeccgeceg aggccgggceyg cggttccace ggatggttga gcacgtegee 19260
cagccgceteg accgagatgce gcacctgcetg gaaatcctge cacagetgeg ccatgeggat 19320
caccggeccg gacacgcgcet gggcgaacat gttgaacgce accagcgcege ctacgcetcat 19380
cgecgecgecg atcaccgect tggcgcecgaa gaacaggatce gccgcgaagce tcagettcga 19440
gatcagcteg atcgectgge tgceggtgtt ggcggtattg atcagccgcet gcgacgcegge 19500
ggtatgggcg gcgagctgge gctceccageg attctgccag tgcggctcecga ccgeggtege 19560
cttgatcgtg tggatgcceg agacgctcte gacgagcage gcgttgcetgg cggagetctt 19620
ctcgaacttg tecteccacce gegcecgeggag cggcccggceg acgctgaacg atacgatcge 19680
ataggcgatc agcgacacga gcacgatgcc cgagagcatce ggcgagtaga acagcatcge 19740
ggcgaggaac acgaaggtga acagcgggtc caccatcacc gtcagcgagg cgctggtaag 19800
gaattcgegg atcgtctcga gctggcggac gegggtgacg gtgtcgccca cgeggcegett 19860
ctcgaaatag gcgagcggca gcgccagcag gtggtggaac agccgggcac ccagctcgac 19920
gtcgatctte tgcgtegtct cggtgaacag gegggtgcgg atccagccga gcgecactte 19980
ccacaccgaa accgccagga aggcgaaggc gagcacgctce agcecgtgctca tgctgttgtg 20040
gatcagcacc ttgtcgatca cgctctggaa caacagcggce gcggcgaggce cgagcaggtt 20100
gagcgcgagg gtgatgccga gcacctcecgag gaacagcegtg cgatagcgcece ggaactgcege 20160
ggtgaaccag gagaggccga accgcagcgg ccgtecccgec accgcgeggg tggtgagcag 20220
caccagcgceg ccggaccaga tcgcgtceccag cgcgtceecegg tcgacctgtt cecggggcatg 20280
gccegggege tggatgatca cgccatgtte ggtcaggceg ccgatcacga accagcectte 20340
gggcecgteg gcecgatcgegg gcageggctg gegggcgagt ccgecgegeg gcacctcgac 20400
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ggcettggeg cgcacgcecct gctggegett ggccaggagg atcaggtegt cggegettge 20460
cgecteggca tggcccageg cgtggegcag ctgttcecggge gtgatggcecga tgttgtgege 20520
gccgagcage agcgacaacg ccaccagtcecc ggattcgcecge agctceccgect cgegetceccege 20580
cgccccatgg gecgecgageg cgctetgcag ggtggcectge atttegtcege gtgtcattte 20640
cggaactctg cctcecatgge gatactgaga gcgccatgat gaagaaggct ggtaaagact 20700
cacttaatcc tagcttttcect ggtatttacc cgtagctgce gacccgattt gggacaggcece 20760
tggcttagca ggtccttaaa ctcgaccgac tataccgcga cgccgaggag ggggaggatt 20820
ggcgeccgeat cgcgcecggcga aacgcgggtg cgtcgcaaca tttegceccgga gtcecgatcegt 20880
cgcgaatgcet gcacccgecga acgcaatgac ggccgccacg caatccggcet tgatcccggg 20940
cggcggatcg cgataagccg cgccacggtce gccaaaactce gtcgaaataa ccgacaaaac 21000
cacggcatat ggctggatat tgcagcegttt gccctgegtt tceccgtegtte aaccgecctt 21060
cgaatcaggc aggcccagceg tgaccatgat tgatcttect cttggaacgg cacactttgg 21120
tcgacacgga gacttccggt cgggcaattg tcccgttata gtgcaatgca acaggccgaa 21180
tcggecegetyg teggegtgca catteegttg agggagcccg atgaggcaat gaacgettte 21240
gaagcacagc gcgectttga ggagcaactt cgggcgcatt cccgggttac gccatctgee 21300
gcteeegtgt ggecgtegete gacgctgegg atggtcectet ataccgagtt gctgetgetg 21360
gacagtctcet cgatcctgge cggattccac gtcgeggcgg gcacgcgcga cggcaactgg 21420
ctgtcgetgg cgggcatcaa cgtcggegte ttectgetge cgatcgetet cggcaccgeg 21480
ctcgcaagceg gcacctacte getgaactge ctgecgctace cggtcagcegg cgtgaagage 21540
atcttctegg cattecttett ctecgatcectte gtecgtectge tecggcagcta cctgcectgacg 21600
gccgagctge cgctgtecceg cgtgcagetg geggagggeg cgatcctcecte gectggtecte 21660
ctgatggtgg gccgectgat gttceccecgecge cacgtceegeg cggttaccgg cggcaggctg 21720
ctcgacgaac tggtcatcat cgacggcgtce tcgcectcgacg tcgcegggcaa tgcggtegeg 21780
ctcgacgcge ggatcatcaa tetctegecg aacccgegeg atccgcaaat getgcatcge 21840
ctgggcacca ccgtgatcgg gttcgaccgg gtgatcgteg cctgcaccaa ggagcatcge 21900
gcggtectggg cgctgectgcet caagggcatg aacatcaagg gcgagatcct cgteccccag 21960
ttcaatgcge tgggcgcgat cggcgtggac gcctttgacg ggaaggatac getggtegte 22020
tcgcagggcece cgctcaacat gcccaaccgce gcgaagaagce gcgcegcectcga tctcecgegate 22080
accgtaccgg ccgtgctege getggegecg ctgatgatce tggtggcgat cctgatcaag 22140
ctggagagcce cgggcccggt gttgttegeg caggatcgeg tcggccgcegg caaccggctg 22200
ttcaagatca tgaagttccg ctcgatgcge gtaacgctgt gcgacgcgaa cggcaacgte 22260
tcggeccagee gcgacgacga tcgcatcacce aaggtcggcee gcttcatccg caagaccage 22320
atcgacgaac tgccgcagcect gectgaacgtg ctgcgcggceg acatgagcegt cgtcggccceg 22380
cggccgcecatg cgctgggete gegcecgecgee gatcacctgt tcectgggaaat cgacgagcge 22440
tactggcacc gccacacgct caagcecgggce atgaccggte tggcccaggt gegceggttte 22500
cgecggggcga ccgatcgeeg cgtcgatcectg accaaccgge tccaggcaga catggaatat 22560
atcgacggat gggatatctg gcgcgatatc acgatcctgt tcaagacgct gecgggtgatce 22620
gtgcattcga acgcattctg atccgcgcac gacgctggge cgcagcctcecg atccgcaaat 22680
ggattgacag cggcccggct tcegttttet cgtttgattt tegttgcgge cggteccgege 22740
catgggggat tactgaatga agggcatcat ccttgcgggg ggcagcggga cgcgectgta 22800
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ccecgcecaacg ctatcgatcet cgaagcagcet gcttceccegte tatgacaage cgatgatctt 22860
ctatccgetg teggtgctga tgctcaccgg catccgggac atcctgatta tectceccacccece 22920
gcgegaccetyg ccgatgttcee aggegctget gggcgacgge tceggcecttcecg gcatcaacct 22980
cagctatgcce gagcagccecct cccccaacgg gctggccgaa gcgttcatca teggegegga 23040
tttegtegge aacgatccca gegcgcetgat cctgggcgac aacatctatc acggcgaaaa 23100
gatgggcgag cgctgccagg cagccgcagce gcaggcagceg cagggcggtg caaacgtcett 23160
cgectatcat gtcgacgacce ccgagegcta cggcgtggte gegttcecgacce cggagacggg 23220
cgtecgecace agcecgtcgagg aaaagcecggce cgagcccaag tccaactggg cgatcaccgg 23280
cctgtattte tacgacaagg acgtggtcga catcgccaag tcgatccage cctcecggcgeg 23340
cggcgaactc gagatcaccg acgtcaaccg cgtttacatg gagcgcggcg acctgcacat 23400
cacgcgecte ggccgceggcet atgcectgget cgacaccgge acgcatgaca gectgcacga 23460
agccggceteg ttegttcegeca cgctcecgagca tcecggacggge gtgaagatcg cctgeccgga 23520
ggaaatcgec ttcgaaagcg gctggctegg cgccgaagac ctgctcaagce gcgecgcecgg 23580
ccteggcaag accggctatg ccgectatcet ccgcaaggtt gcgaccgcag catgacccag 23640
gtccatcatc acgaactgtce cggcgtcatc gagttcacge cgcccaaata tggcgaccac 23700
cgeggettet tectcecgaagt gttcaagcag tcecggtgcteg atgceccgaagg cgtcgaggca 23760
cgectgggtge aggacaatca gagcttcecteg gcggccecegg gcacgatcecg cggcctgcat 23820
ctccaggcge cgccecttege ccaggccaag ctggtcegeg tgttgegegg cgcgatctte 23880
gacgtcgegyg tcgacatccg tcecgeggceteg cccacctatg gcaaatgggt cggegtcgag 23940
ctecteggecg agaagtggaa ccagctgcetg gtccccgecg gctatgegca cggcttcatg 24000
acgctegtte cggattgcga gatcctctac aaggtcageg ccaaatattc gaaggattcg 24060
gagatggcga tccgttggga cgatcccgat ctcecgeccateg cctggccgga catceggegte 24120
gagcecggtec tcecteccgaaaa ggacgcggtce geccacgcccet tcegeccgaatt caacacccce 24180
ttecttetate agggctgage catgcagcag accttcecteg tcaccggegg cgccggctte 24240
atcggetegg cggtggtgeg ccacctegte cgccagggcg cgcgcgtcat caatctcgac 24300
aagctcacct atgccggcaa cccggectceg ctgactgcga tcgagaacgce gcccaactat 24360
cgcttegtee atgccgacat cgccgacacce gcgacgatce taccgetget gegcgaggag 24420
caggtcgatg tggtgatgca cctcgecgec gagagccatg tcgatcgctce gatcgacgge 24480
cctggegagt tcatcgagac caatgtcgtce ggcaccttca agctgctceca gteggegetg 24540
caatattggc gcgagctgga gggcgagaaa cgcgacgcegt tccgcttceca ccacatctcece 24600
accgacgaag tgttcggcga cctgcegtte gacagcggca tcttcaccga agagacgcce 24660
tatgatccct cctcegeccecta tteggegteg aaggcggcga gcgaccatct ggtgegegee 24720
tggggccaca cctatggect gecggtggtg ctgtcgaact gctcgaacaa ttacgggccecg 24780
ttccacttece ccgagaaget gatccegttg accatcctca acgcgectcga gggcaagccyg 24840
ctgcecggtet acggcaaggg cgagaatatc cgcgactgge tgtatgtcga cgatcacgece 24900
aaggcgcectgg cgaccatcge caccaccggce aaggtcggce agagctacaa tgtcggcgge 24960
cgcaacgagc ggaccaacct gcaggtggtce gagacgatct gcgacctgcect cgaccagcge 25020
attcecgetgg ccgacggteg caagcgccgce gaactgatca ccttegtcac cgatcgecccece 25080
ggccatgacc gccgctacge gatcgacgeg accaagcteg agaccgagct gggctggaag 25140
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gctgaggaga atttcgacac cggcatcgec gcgacgatceg actggtatct ggcgaacgag 25200
tggtggtggg gcccgatceg ctceccggcaaa tatgccggeg agcecggcectggg gcagaccgece 25260
tgatgcgtat cctcgtcacce gggcatgacg gccaggtege ccagtcecgcetg gecgagcagg 25320
cggtgggcca cgagctggte ttcaccacct accccgaatt cgatctctece aagccggaga 25380
cgatcgaggce cggtgtggceg cgggtgcacce cggacctgat cgtcteccgec gecgectaca 25440
cggcggtcga caaggcggaa agcgaacccg agctggcgat ggcgatcaac ggcgacggte 25500
ccggegtget ggcegegegeg ggcgcgaaga tceggcgegcee gatcatccac ctgtcecgacceg 25560
attatgtgtt cgacggcagt ctcgaccgcce cttggcgcga ggacgatccce accggeccge 25620
tcggegteta tggcgcgacce aagctggcecg gcgagcaggce ggtgcaggcece tegggtgcca 25680
ccaacgccgt gatcecggetg gectgggtcet acagccegtt cggcaacaat ttcgtcaaga 25740
cgatgcteceg cctegecgag acgcgcegacyg cgctgaacgt cgtggaggac cagtgggget 25800
gcceccagtte ggecgectggac atcgcgaccg cgatcctgac ggtggtcecggg cactggcage 25860
aggacggcgce gacgagcggce ctctaccatt tcgecggcac cggcgagacce aactgggcceg 25920
acttcgcatc gacgatctte gecgagagceg ccaagcgcegg tggccceccteg geccaccgtca 25980
ccggcattcece cagctcecggge tatccgactce cggccacgceg cccggccaat tegcggctgg 26040
actgcaccecg cttcegecggag acctteggcet accgggegcece tgcectggcag gattcecgctga 26100
acgtcgtact ggatcgcctg ctecggcetgat ccgaaacggg gggcctcage gecceecgee 26160
atgctcecgt tecgcegecgeceg gcaatgecte tagcaccgeg cgctttcecect taggactcag 26220
ctegctecag cecggecgattt cecttgggcga ccgccagcac cccaggcaca gecggatce 26278
<210> SEQ ID NO 2
<211> LENGTH: 1053
<212> TYPE: DNA
<213> ORGANISM: Sphingomonas sp. ATCC53159
<400> SEQUENCE: 2
atcaacggceg ccttgetegg acggcacaaa ttegtcectgg tcaatgtgte cacggtegece 60
tcttegatac tgtteccaget gttccegett gtegtegect ggatgategyg cccggacctg 120
cgaacgctge tgatcgecge getegttgge cgggeggtte cgatgategyg catgetgece 180
gegetgtate gaaacctttt gegeggcaac acgccgegtt ttcacgecag cgaggcgege 240
ttectgatag gctatggegg gtgggecteg ctcacgaceyg tggtagcegac cgtgetcatg 300
atggcggace gcttectgat tggcgcactt cttgggeceyg tegecgtgac catctacacg 360
geeccectyge aactcgcaca gcegegtatceg ctgctgecct cegcactgte cgecgegetg 420
ttecegegee tgcccagege gacgcecggeg gagegcatgg cgcettcagat ccgetegetg 480
tegetgatca tgggeggect taccgggatg atcggeggeg gactattget ggecgegecyg 540
tttctegate tctggategg caagtegete ggecatgegyg gaacgcecggt cgegetette 600
ctgttetteg gegecatggtyg gaatgegetg gegatcattt cgttcagegyg cctgecaggeg 660
agcggacgge cgaaagcgag cgcgategte cagggggcag agcetgctace cgtgttgate 720
gegetgtatyg cagggatceg atggggcegge gtgaceggeg cegcageggt ctttetggga 780
cgctecgece tggatttegt cctgttgace tggcaggcag gectgcteceyg ccagacggtyg 840
aagcaagtat ccgtatgcgg cgccgttete accgtegega tgctegtggyg cgcgacctat 900
cgctattegg tgcegetetyg gtgcgtacte agegectget gectggtege getggcagece 960
tgctecetggt ggacattgge gegccaggac aaggcactge tgattggacg attgagccga 1020
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attctaccaa agcagcggca actcgaccta tag 1053

<210> SEQ ID NO 3

<211> LENGTH: 350

<212> TYPE: PRT

<213> ORGANISM: Sphingomonas sp. ATCC53159

<400> SEQUENCE: 3

Ile Asn Gly Ala Leu Leu Gly Arg His Lys Phe Val Leu Val Asn Val
1 5 10 15

Ser Thr Val Ala Ser Ser Ile Leu Phe Gln Leu Phe Pro Leu Val Val
20 25 30

Ala Trp Met Ile Gly Pro Asp Leu Arg Thr Leu Leu Ile Ala Ala Leu
35 40 45

Val Gly Arg Ala Val Pro Met Ile Gly Met Leu Pro Ala Leu Tyr Arg
50 55 60

Asn Leu Leu Arg Gly Asn Thr Pro Arg Phe His Ala Ser Glu Ala Arg
65 70 75 80

Phe Leu Ile Gly Tyr Gly Gly Trp Ala Ser Leu Thr Thr Val Val Ala
85 90 95

Thr Val Leu Met Met Ala Asp Arg Phe Leu Ile Gly Ala Leu Leu Gly
100 105 110

Pro Val Ala Val Thr Ile Tyr Thr Ala Pro Leu Gln Leu Ala Gln Arg
115 120 125

Val Ser Leu Leu Pro Ser Ala Leu Ser Ala Ala Leu Phe Pro Arg Leu
130 135 140

Pro Ser Ala Thr Pro Ala Glu Arg Met Ala Leu Gln Ile Arg Ser Leu
145 150 155 160

Ser Leu Ile Met Gly Gly Leu Thr Gly Met Ile Gly Gly Gly Leu Leu
165 170 175

Leu Ala Ala Pro Phe Leu Asp Leu Trp Ile Gly Lys Ser Leu Gly His
180 185 190

Ala Gly Thr Pro Val Ala Leu Phe Leu Phe Phe Gly Ala Trp Trp Asn
195 200 205

Ala Leu Ala Ile Ile Ser Phe Ser Gly Leu Gln Ala Ser Gly Arg Pro
210 215 220

Lys Ala Ser Ala Ile Val Gln Gly Ala Glu Leu Leu Pro Val Leu Ile
225 230 235 240

Ala Leu Tyr Ala Gly Ile Arg Trp Gly Gly Val Thr Gly Ala Ala Ala
245 250 255

Val Phe Leu Gly Arg Ser Ala Leu Asp Phe Val Leu Leu Thr Trp Gln
260 265 270

Ala Gly Leu Leu Arg Gln Thr Val Lys Gln Val Ser Val Cys Gly Ala
275 280 285

Val Leu Thr Val Ala Met Leu Val Gly Ala Thr Tyr Arg Tyr Ser Val
290 295 300

Pro Leu Trp Cys Val Leu Ser Ala Cys Cys Leu Val Ala Leu Ala Ala
305 310 315 320

Cys Ser Trp Trp Thr Leu Ala Arg Gln Asp Lys Ala Leu Leu Ile Gly
325 330 335

Arg Leu Ser Arg Ile Leu Pro Lys Gln Arg Gln Leu Asp Leu
340 345 350

<210> SEQ ID NO 4
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<211> LENGTH: 1626
<212> TYPE: DNA
<213> ORGANISM: Sphingomonas sp. ATCC53159
<400> SEQUENCE: 4
atgacgacta ccteggegtt tegtcegeceg gecttcecacyg gagegatgea geggettege 60
aggttgcgac tggtteggtt tctgacaaag ccagcgatcece cggtactgece cgtctacaaa 120
geegagegat caggegtgac gatcgeggeg cggcegtacceg ttetgetggt cagegtgatg 180
tttettgeeg cagtctacgg cctgctegee geagttetge cgetecagat getggegate 240
ceggecgtge ccctegttet gatggegete gtagtgatet gggegctace cgaggegegyg 300
caggcgecta ctcegectget ggcaaaacta tacctegect atatggtgge ggcegetegtg 360
tggcecgaact atcttgeget cagegttggt ggtttgectt ggatctcegat caggeggatg 420
atcggttcega tcgcattgcet cacgctcatg atctegettt cggtetcgaa aaagtttcga 480
tcecgagatgg cggcegattat gegggeggeg cegatcccat cgegactatt gettgectte 540
attatggtce agatcgtege ctccattgeg accccagegg cctegcaaac aattccgegg 600
ttgattggca tcgttctgac ggtgacgecg atggcattca tcetegctatyg getgatceggg 660
accgacacgce gcaccccgga gtggtgggtt acgegettgt tttggtgegt gggegtgetg 720
atggcgattyg gcegtgetgga gttccgggtyg aagcacgtece tetgggecta ctcegattecg 780
agcttectge gegttgatga gecagtttett accgtagtge ttacgccegyg tttecggggt 840
acttaccgeg ttttgacgac tttcagecagt cegettgtet ggggagagtt gacggetttg 900
acgattcctt tcgtgetgca ccgtatageg aattccegtyg gegtagggag attggeattt 960
tggattttct tcgattttet tgtagttgcg tccggattte ttagecggtte tegactggca 1020
atggtggggg gattggtggc gcataccgtg tatttgetta tttgggcaat teggceggtgg 1080
cggaccacaa agggcgggct tgtcggcatt tcgetgacgt tgacgtatce cgecttgatg 1140
gtggcgctgt cgctggeggt catgttegtg cctgcecgtec acaaccgtgt tcecteggtgga 1200
ggcgcttete aacttagcaa tcaaggcagg caggagcagt ttegettggg cgtgectgece 1260
atcgctegee gecctttett cggctatgge ccgggagagg gtgctggcecge tgtegggtgg 1320
cgtaatcagc aaggcttecct atcgatcgac agtggtttecce tgtccgtage ggctgattac 1380
ggcttgctgg gttttgttte gctatacggce acgatgatta cgttaatgat tttgctecgeg 1440
tttegtggte ttaagatgag cggagatggce tacccgettg agctcgceccgt agcaacttte 1500
ctggctgtte ttttaaatac gcggtcagtce ctgtcgcaag gtgacaatga cccgttcatce 1560
tttatgacgc tggggctagg catagcgctt ctatatcget ctcecggectgt gtetttgteg 1620
gtgtag 1626
<210> SEQ ID NO 5
<211> LENGTH: 541
<212> TYPE: PRT
<213> ORGANISM: Sphingomonas sp. ATCC53159

<400> SEQUENCE: 5

Met Thr Thr Thr Ser Ala Phe Arg Arg Pro Ala Phe His Gly Ala Met

1

5

10

15

Gln Arg Leu Arg Arg Leu Arg Leu Val Arg Phe Leu Thr Lys Pro Ala

20

25

30

Ile Pro Val Leu Pro Val Tyr Lys Ala Glu Arg Ser Gly Val Thr Ile

35

40

45
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52

Ala

65

Pro

Pro

Ala

Ala

145

Ser

Leu

Ala

Thr

Thr

225

Met

Tyr

Ser

305

Trp

Ser

Leu

Gly

Leu

385

Gly

Gly

Glu

Ile

Phe

Ala

Tyr

Ala

Glu

Tyr

Gly

130

Leu

Glu

Leu

Ala

Pro

210

Pro

Ala

Ser

Leu

Ser

290

Leu

Ile

Arg

Ile

Ile

370

Ala

Ala

Val

Gly

Asp

450

Val

Arg

Gly

Val

Ala

Met

115

Gly

Leu

Met

Ala

Ser

195

Met

Glu

Ile

Ile

Thr

275

Pro

His

Phe

Leu

Trp

355

Ser

Val

Ser

Pro

Ala
435

Ser

Ser

Arg

Leu

Pro

Arg

100

Val

Leu

Thr

Ala

Phe

180

Gln

Ala

Trp

Gly

Pro

260

Pro

Leu

Arg

Phe

Ala

340

Ala

Leu

Met

Gln

Ala
420
Gly

Gly

Leu

Thr

Leu

Leu

85

Gln

Ala

Pro

Leu

Ala

165

Ile

Thr

Phe

Trp

Val

245

Ser

Gly

Val

Ile

Asp

325

Met

Ile

Thr

Phe

Leu

405

Ile

Ala

Phe

Tyr

Val

Ala

70

Val

Ala

Ala

Trp

Met

150

Ile

Met

Ile

Ile

Val

230

Leu

Phe

Phe

Trp

Ala

310

Phe

Val

Arg

Leu

Val

390

Ser

Ala

Val

Leu

Gly

Leu

55

Ala

Leu

Pro

Leu

Ile

135

Ile

Met

Val

Pro

Ser

215

Thr

Glu

Leu

Arg

Gly

295

Asn

Leu

Gly

Arg

Thr

375

Pro

Asn

Arg

Gly

Ser
455

Thr

Leu

Val

Met

Thr

Val

120

Ser

Ser

Arg

Gln

Arg

200

Leu

Arg

Phe

Arg

Gly

280

Glu

Ser

Val

Gly

Trp

360

Tyr

Ala

Gln

Arg

Trp

440

Val

Met

Val

Leu

Ala

Arg

105

Trp

Ile

Leu

Ala

Ile

185

Leu

Trp

Leu

Arg

Val

265

Thr

Leu

Arg

Val

Leu

345

Arg

Pro

Val

Gly

Pro
425
Arg

Ala

Ile

Ser

Pro

Leu

90

Leu

Pro

Arg

Ser

Ala

170

Val

Ile

Leu

Phe

Val

250

Asp

Tyr

Thr

Gly

Ala

330

Val

Thr

Ala

His

Arg

410

Phe

Asn

Ala

Thr

Val

Leu

75

Val

Leu

Asn

Arg

Val

155

Pro

Ala

Gly

Ile

Trp

235

Lys

Glu

Arg

Ala

Val

315

Ser

Ala

Thr

Leu

Asn

395

Gln

Phe

Gln

Asp

Leu

Met

60

Gln

Val

Ala

Tyr

Met

140

Ser

Ile

Ser

Ile

Gly

220

Cys

His

Gln

Val

Leu

300

Gly

Gly

His

Lys

Met

380

Arg

Glu

Gly

Gln

Tyr
460

Met

Phe

Met

Ile

Lys

Leu

125

Ile

Lys

Pro

Ile

Val

205

Thr

Val

Val

Phe

Leu

285

Thr

Arg

Phe

Thr

Gly

365

Val

Val

Gln

Tyr

Gly

445

Gly

Ile

Leu

Leu

Trp

Leu

110

Ala

Gly

Lys

Ser

Ala

190

Leu

Asp

Gly

Leu

Leu

270

Thr

Ile

Leu

Leu

Val

350

Gly

Ala

Leu

Phe

Gly
430
Phe

Leu

Leu

Ala

Ala

Ala

95

Tyr

Leu

Ser

Phe

Arg

175

Thr

Thr

Thr

Val

Trp

255

Thr

Thr

Pro

Ala

Ser

335

Tyr

Leu

Leu

Gly

Arg

415

Pro

Leu

Leu

Leu

Ala

Ile

80

Leu

Leu

Ser

Ile

Arg

160

Leu

Pro

Val

Arg

Leu

240

Ala

Val

Phe

Phe

Phe

320

Gly

Leu

Val

Ser

Gly

400

Leu

Gly

Ser

Gly

Ala
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465

Phe Arg Gly Leu Lys

Val Ala Thr Phe

Gln Gly Asp Asn Asp
515

470

485

500

Met Ser Gly

Leu Ala Val Leu

Pro Phe Ile

520

Ala Leu Leu Tyr Arg Ser Arg Pro

530

<210> SEQ ID NO 6
<211> LENGTH: 1998

<212> TYPE:

DNA

535

<213> ORGANISM: Sphingomonas sp.

<400> SEQUENCE: 6

atgccggata

ggtggcgaaa

acgtttacca

aagctggtga

tacaagcceg

ttggacggcg

ttgttegtge

ctgggecttyg

aaccggegeg

ttcacgaacc

ggcaaggtca

ggCtCtggCg

gtaaacatca

aacggegtta

ttttggattce

atcaccgtca

gactcggcaa

gatttgatcyg

gtgactaccyg

ttcagcaaca

gtggacgtgt

ctaaaccgga

ctcaagcgygyg

teggtttege

agccagacaa

ctgacctacyg

acagcgacga

cegttetega

agcgeegecc

tcattgtcaa

ccatcaagcet

gecatggtgac

tcgggaacag

ccgatgactyg

tgcggttecag

gcaacagcac

aggcctacaa

atcatacgaa

tgtttecegt

agggcaatac

cgcaagggat

aaaacaatct

atgtcaatat

gectcegacaa

caagctecte

cgatcegcaa

ttceceggegt

aactgtcgac

geggegtegt

cggcggtcgt

gctattegeyg

actcggcetac

tgcaggccaa

tggtgacgag

acagcacgceg

tgaccggcac

ccgcatteag

aggtgcaggc

gaatcagacg

thCgCngg

aattgagtcg

tagcaacgtt

gaatcgactyg

cggeggeact

gtcggtgacg

cgtegatgge

cttcactgag

gggcaccgaa

caacatcacc

tttcatgaat

tatctatctg

cgaatccaat

aaccaatgge

gagcaatatc

gatctatgge

cgggtaccag

tgcgaaggcg

ggaccttteg

gggcagcgcc

gcagatttac

ggccacggece

tggggaactg

cggegecaag

gaaaaccgcyg

gacceggece

cggaacggte

getggtgace

475

Asp Gly Tyr
490

Leu Asn Thr
505

Phe Met Thr

Val Ser Leu

ATCC53159

gagttgaatg
gtctacacag
ctcgactegt
accgtcaaaa
aatacgatcc
ggtgaccett
atgcagaatt
atggtggtcc
atgaacaatc
catccecgacyg
atctccaata
gacgaggcecg
aatggttatt
agcgtgatat
gcgacgatca
gtgcagacag
ctcaacgatg
cegecegtgt
gcaaatcegt
cactggaata
ttccacgtet
gecattgtegyg
gggcaaattce
agcttcacca
ctgcettgatg
attctgtacg
gccgaatect
ggcgacatcyg

gegtegageg

480

Pro Leu Glu Leu Ala
495

Arg Ser Val Leu Ser
510

Leu Gly Leu Gly Ile
525

Ser Val
540

ctgcaatcege ggcggcgaag
atctcactgt aatgaccaag
cgaacccggt caatatccaa
acatggtcge tgcgaccgat
agggttcgge caacatcgtt
cgctetcgaa gggggegggce
cgtctatega ccactteggt
agaacagcag cttccacgac
ttgtcatcga cggaaattcg
ccattcagtt cttcacggeg
acgtcatcat gcagggcgceg
gtaatcttce ctatgtcaat
accacggtat caacgttgtt
cgcaagtgga tggcacatca
agaacaatgt tgcggacctg
gcaategtac gctgacgagt
gggctacgge geggetcage
cgagcegetge tgccgetcag
cgectgetget cgatctgteg
ceggecagac gacaaaggceg
cgacgggcac gggggtggaa
cgttcacget cagettcgac
ttggcatctt ccagagctgyg
tgcgcaacge cgcegggegte
ctgccacaca caagatcgec
tagacggcat gcaacgcgge
gggggctgta tgteggeage
agatccgega tggegegatce

ccagegegge ggcgacggte

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740
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aaggacagcc

gecgctagea

ggtactgeceyg

dcgggggcega

aacctgtacc

tcgtcacegy cgceggecgeg
cggcaacgec
cgtectegea gatcgegete

tgggcgcaat

gegectga

<210> SEQ ID NO 7

<211> LENGT.
<212> TYPE:
<213> ORGAN

H:
PRT
ISM:

<400> SEQUENCE:

Met Pro Asp
1

Ala Ala Ala
Thr Asp Leu
35

Glu Ser Leu
50

Gly Asn Ser
65

Tyr Lys Pro

Ala Asn Ile

Pro Ser Leu

115

Val Thr Met
130

Ala Tyr Asn
145

Asn Arg Arg

Asp Gly Asn

Asp Ala Ile

195

Ile Thr Ile
210

Gln Gly Ile
225

Val Asn Ile

Ile Asn Val

Ile Ser Gln

275

Asn Gly Ala
290

Ser Ser Ser
305

Ile

Lys

20

Thr

Asp

Ser

Ala

Val

100

Ser

Gln

Val

Asp

Ser

180

Gln

Ser

Phe

Lys

Val

260

Val

Thr

Ser

665

Sphingomonas sp.

7

Ile

Gly

Val

Ser

Asn

Asp

Leu

Lys

Asn

Asp

His

165

Phe

Phe

Asn

Met

Asn

245

Asn

Asp

Ile

Asn

Val

Gly

Met

Ser

Val

70

Asp

Asp

Gly

Ser

Gly

150

Thr

Thr

Phe

Asn

Asn

230

Asn

Gly

Gly

Lys

Ile
310

Lys

Glu

Thr

Asn

55

Thr

Trp

Gly

Ala

Ser

135

Met

Asn

Asn

Thr

Val

215

Asp

Leu

Val

Thr

Asn

295

Val

gettgegacy

cegecagegeg

Asn

Thr

Lys

40

Pro

Val

Asn

Val

Gly

120

Ile

Val

Phe

Leu

Ala

200

Ile

Glu

Ile

Asn

Ser
280

Asn

Gln

caggcegetyg

gtggccacgg

gtcagcaaga

gegacactga

ATCC53159

Gln

Ile

25

Thr

Val

Lys

Arg

Arg

105

Leu

Asp

Val

Thr

Phe

185

Gly

Met

Ala

Tyr

Val
265
Phe

Val

Thr

Thr

10

Lys

Phe

Asn

Asn

Leu

90

Phe

Phe

His

Gln

Glu

170

Pro

Lys

Gln

Gly

Leu

250

Asn

Trp

Ala

Gly

Glu

Leu

Thr

Ile

Met

75

Asn

Ser

Val

Phe

Asn

155

Met

Val

Val

Gly

Asn

235

Asn

Ile

Ile

Asp

Asn
315

cgectgetgge gggtgecegge
tgggcagtac gctgtctata
tcggtgtega catgatgace

gegetacgge ggatcagtac

Leu Asn Ala Ala Ile
15

Ala Ala Gly Val Tyr
30

Ser Met Val Thr Ile
45

Gln Lys Leu Val Ile
60

Val Ala Ala Thr Asp
80

Thr Ile Gln Gly Ser
Gly Gly Thr Gly Asp
110

Arg Asn Ser Thr Ser
125

Gly Leu Gly Leu Glu
140

Ser Ser Phe His Asp
160

Asn Asn Leu Val Ile
175

Gly Thr Glu His Pro
190

Lys Gly Asn Thr Asn
205

Ala Gly Ser Gly Ala
220

Leu Pro Tyr Val Asn
240

Gly Tyr Tyr His Gly
255

Glu Ser Asn Ser Val
270

Arg Leu Asp Lys Thr
285

Leu Ile Thr Val Thr
300

Arg Thr Leu Thr Ser
320

1800

1860

1920

1980

1998
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Asp Ser Ala Thr Ile Arg Lys Ile Tyr Gly Leu Asn Asp Gly Ala Thr
325 330 335

Ala Arg Leu Ser Asp Leu Ile Val Pro Gly Val Gly Tyr Gln Pro Pro
340 345 350

Val Ser Ser Ala Ala Ala Ala Gln Val Thr Thr Glu Leu Ser Thr Ala
355 360 365

Lys Ala Ala Asn Pro Ser Leu Leu Leu Asp Leu Ser Phe Ser Asn Ser
370 375 380

Gly Val Val Asp Leu Ser His Trp Asn Thr Gly Gln Thr Thr Lys Ala
385 390 395 400

Val Asp Val Ser Ala Val Val Gly Ser Ala Phe His Val Ser Thr Gly
405 410 415

Thr Gly Val Glu Leu Asn Arg Ser Tyr Ser Arg Gln Ile Tyr Ala Leu
420 425 430

Ser Ala Phe Thr Leu Ser Phe Asp Leu Lys Arg Asp Ser Ala Thr Ala
435 440 445

Thr Ala Gly Gln Ile Leu Gly Ile Phe Gln Ser Trp Ser Val Ser Leu
450 455 460

Gln Ala Asn Gly Glu Leu Ser Phe Thr Met Arg Asn Ala Ala Gly Val
465 470 475 480

Ser Gln Thr Met Val Thr Ser Gly Ala Lys Leu Leu Asp Ala Ala Thr
485 490 495

His Lys Ile Ala Leu Thr Tyr Asp Ser Thr Arg Lys Thr Ala Ile Leu
500 505 510

Tyr Val Asp Gly Met Gln Arg Gly Thr Ala Thr Met Thr Gly Thr Thr
515 520 525

Arg Pro Ala Glu Ser Trp Gly Leu Tyr Val Gly Ser Pro Phe Ser Thr
530 535 540

Ala Phe Ser Gly Thr Val Gly Asp Ile Glu Ile Arg Asp Gly Ala Ile
545 550 555 560

Ser Ala Ala Gln Val Gln Ala Leu Val Thr Ala Ser Ser Ala Ser Ala
565 570 575

Ala Ala Thr Val Lys Asp Ser Leu Val Thr Gly Ala Ala Ala Gln Ala
580 585 590

Ala Ala Leu Leu Ala Gly Ala Gly Ala Ala Ser Thr Ala Thr Pro Leu
595 600 605

Ala Thr Val Ala Thr Val Gly Ser Thr Leu Ser Ile Gly Thr Ala Ala
610 615 620

Ser Ser Gln Ile Ala Leu Val Ser Lys Ile Gly Val Asp Met Met Thr
625 630 635 640

Ala Gly Ala Met Gly Ala Ile Arg Ser Ala Ala Thr Leu Ser Ala Thr
645 650 655

Ala Asp Gln Tyr Asn Leu Tyr Arg Ala
660 665

<210> SEQ ID NO 8

<211> LENGTH: 939

<212> TYPE: DNA

<213> ORGANISM: Sphingomonas sp. ATCC53159

<400> SEQUENCE: 8

atgcagatgc tcccaacgcce cgatgtcage atactegtgg tegetttcaa ctcgaccgag 60

tatatcgaag actgectgeg cggcategee gaaggagegg gcaagaccece ccacgaagtt 120

ctgctgateg acaatggega cgggcgaace gaagegetgg tecggeageg gttcecaccac 180
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-continued
gteecgecateg tteccagtga gggcaatatt ggtttegggg ceggcaataa tcegectggea 240
gegeaggetyg ceggeccget cctgetgete gtcaaccceg atgccattece ccageccgge 300
gcaatcgate agttggtcac ctttgccaaa cagcatccceg aggcggegge atggggegge 360
cgttectact cgcccagegg cgatctagaa ccecgcaaatt tcatgtcect gecgacgece 420
geegacttte tgacggcgat tttcaacgeg cgtgcgetac geagceggegg gctgcaagaa 480
ggcgegacca cccecggage ggtcgaggtg ttgaatggeg gettcatgat ggtacgcacce 540
gatgtctgge aggcgatcgg cggttttgac gagagetttt ttetttattce ggaagagatce 600
gatctcttee agcgaatceg cacgttgggg cacaaggtge tegtcgaccce cteggtcaaa 660
gtggtacaca atacggggag tggtcagtcg atgtcccaga accgcectgat gtatctcacg 720
accgggegcea tgcactatgce gcgaaagcat tttggcegcac teggcacccet tgccaccggg 780
tgegegettt ggctgatcege cgccaaatac acgttggteg gggeggcact ctggegectg 840
tegeegegga cgggcacgceg atacaaagag ctgagcaacyg ggtggcegtge cgtatttage 900
aatcctggece gatggtggag cggctatccg cgtcecgctaa 939

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 9
H: 312
PRT

ISM: Sphingomonas sp.

<400> SEQUENCE: 9

Met Gln Met
1

Asn Ser Thr
Ala Gly Lys
35

Arg Thr Glu
50

Pro Ser Glu
65

Ala Gln Ala

Pro Gln Pro

Pro Glu Ala
115

Leu Glu Pro
130

Thr Ala Ile
145

Gly Ala Thr

Met Val Arg

Phe Phe Leu
195

Leu Gly His
210

Thr Gly Ser
225

Leu Pro Thr Pro Asp

Glu Tyr Ile Glu Asp

20

Thr Pro His Glu Val

40

Ala Leu Val Arg Gln

55

Gly Asn Ile Gly Phe

Ala Gly Pro Leu Leu

85

Gly Ala Ile Asp Gln

100

Ala Ala Trp Gly Gly

120

Ala Asn Phe Met Ser

135

Phe Asn Ala Arg Ala
150

Thr Pro Gly Ala Val

165

Thr Asp Val Trp Gln

180

Tyr Ser Glu Glu Ile

200

Lys Val Leu Val Asp

215

Gly Gln Ser Met Ser
230

ATCC53159

Val

Cys

25

Leu

Arg

Gly

Leu

Leu

105

Arg

Leu

Leu

Glu

Ala
185
Asp

Pro

Gln

Ser

10

Leu

Leu

Phe

Ala

Leu

90

Val

Ser

Pro

Arg

Val

170

Ile

Leu

Ser

Asn

Ile

Arg

Ile

His

Gly

Val

Thr

Tyr

Thr

Ser

155

Leu

Gly

Phe

Val

Arg
235

Leu Val Val
Gly Ile Ala
30

Asp Asn Gly
45

His Val Arg
60

Asn Asn Arg

Asn Pro Asp

Phe Ala Lys
110

Ser Pro Ser
125

Pro Ala Asp
140

Gly Gly Leu

Asn Gly Gly

Gly Phe Asp
190

Gln Arg Ile
205

Lys Val Val
220

Leu Met Tyr

Ala Phe

Glu Gly

Asp Gly

Ile Val

Leu Ala

Ala Ile

95

Gln His

Gly Asp

Phe Leu

Gln Glu

160

Phe Met

175

Glu Ser

Arg Thr

His Asn

Leu Thr
240
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Thr Gly Arg

Leu Ala Thr

Val Gly Ala

275

Lys Glu Leu
290

Trp Trp Ser
305

<210> SEQ I
<211> LENGT.
<212> TYPE:

Met His Tyr Ala Arg

245

Gly Cys Ala Leu Trp

260

Ala Leu Trp Arg Leu

280

Ser Asn Gly Trp Arg

295

Gly Tyr Pro Arg Arg
310

D NO 10
H: 972
DNA

<213> ORGANISM: Sphingomonas sp.

<400> SEQUENCE: 10

atgctgeact

ttgtgecegty

acggeggtgg

gacaaggggc

gecgaactge

gegetgcage

gacaagacgc

atgctgegeg

tatcaggeeg

gtcttegete

gaccagctaa

atcgacaccyg

gagatgttca

gtgctgcegg

cgctteggea

gtgaaatatc

gcggggaact

<210> SEQ I
<211> LENGT.
<212> TYPE:

gccaacgceta
cgcaatteeg
ctgeggecge
aggtggtcge
aggccteeca
gcatcatcga
ctgecttect
acaagatcge
cgcatcecgga
cgcecgagete
ccgecaaget
ctgegetgec
tcectgecgac
tgcecggecga
aggcggetga
aggccggeta
ga

D NO 11

H: 323
PRT

ttgcggatge

tgceggeggg

getggecgte

cagcgtegat

ggtacccecyg

gegcaagate

gatccaggag

cggeggeate

geggttegeg

ggcegcaaag

cteggeggac

gecggaaate

ccagcaggga

ccaggegage

cgcacagete

cagcgcacceg

<213> ORGANISM: Sphingomonas sp.

<400> SEQUENCE: 11

Met Leu His
1

Ser Ser Arg
Phe Met Lys
35

Ala Val Ser
50

Val Val Ala

Cys Gln Arg Tyr Cys

5

Ser Leu Cys Arg Ala

20

Lys Leu Tyr Leu Val

40

Gly Cys Gly Gly Lys

55

Ser Val Asp Gly Glu

Lys
Leu
265

Ser

Ala

His

250

Ile

Pro

Val

Phe

Ala

Arg

Phe

ATCC53159

cegecegtec

gaggtcttca

tcceggatgtyg

ggcgaagaaa

gggaccgate

ctcgccaagyg

cgccgggcecyg

geccagecga

cagcgcaaga

ctcaagcaat

aatgtccagt

getgecaaga

ctgaccgega

gagatcgege

aacgaccgec

ccgeagette

ATCC53159

Gly

Gln

25

Thr

Gly

Glu

Cys

10

Phe

Ala

Gly

Ile

Pro

Arg

Val

Lys

Thr

Gly Ala Leu
Ala Lys Tyr
270

Thr Gly Thr
285

Ser Asn Pro
300

gaataggtte
tgaagaaatt
geggcaaggg
tcaccgtett
gcaagctgge
tcgecegega
acgagctgat
ccgatgecga
tctacgcgat
tegegecget
tcegtegege
tcgegteget
atatcatcac
tcagcggget
tgaagaaggc

dcggeagegg

Pro Val Arg

Ala Gly Gly

Ala Ala Ala
45

Leu Asp Lys
60

Val Phe Glu

Gly Thr
255

Thr Leu

Arg Tyr

Gly Arg

aagtagaagt
gtacctggtt
cggcaagete
cgagctgaat
cgagcagetyg
gcagaagcetg
cctecaccgec
gatcgagaaa
cgatcaggte
gaagacgcetg
geegtegeag
gecggcacag
gtcgaccacg
gegtaccgag
gegggaaace

cgcaacgecg

Ile Gly

15

Glu Val

Ala Leu

Gly Gln

Leu Asn

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

972
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64

65

Ala Glu Leu

Ala Glu Gln

Lys Val Ala

115

Gln Glu Arg
130

Lys Ile Ala
145

Tyr Gln Ala

Ile Asp Gln

Gln Phe Ala

195

Ala Asp Asn
210

Ala Leu Pro
225

Glu Met Phe

Thr Ser Thr

Ala Leu Ser

275

Gln Leu Asn
290

Ala Gly Tyr
305

Ala Gly Asn
<210> SEQ I

<211> LENGT.
<212> TYPE:

70

Gln Ala Ser Gln Val

85

Leu Ala Leu Gln Arg

100

Arg Glu Gln Lys Leu

120

Arg Ala Asp Glu Leu

135

Gly Gly Ile Ala Gln
150

Ala His Pro Glu Arg

165

Val Val Phe Ala Pro

180

Pro Leu Lys Thr Leu

200

Val Gln Phe Arg Arg

215

Pro Glu Ile Ala Ala
230

Ile Leu Pro Thr Gln

245

Thr Val Leu Pro Val

260

Gly Leu Arg Thr Glu

280

Asp Arg Leu Lys Lys

295

Ser Ala Pro Pro Gln
310

D NO 12
H: 1047
DNA

<213> ORGANISM: Sphingomonas sp.

<400> SEQUENCE: 12

atggcagaag

gegtegggeg

gattatttet

gtcgaactgg

ctgggcggcyg

gatgtggtga

tcgggegeca

ggcaagatgg

acctggectyg

aagcaggcge

gcagtgcteg

cgaacgeggt

geggecatet

tcgttactga

tggagcacta

catggcgcaa

tttccaccgy

agttcgteca

tgaagggcat

atgccgaget

taatcttege

acctgaageg

agatggaaag

ccggcaaatce

agataccgeg

tgcgctegge

cctgegecag

cgcgggcgca

tatcgaaagc

cgcgacggtyg

gttegatceyg

gangthgC

¢gecggeggy

Pro

Ile

105

Asp

Ile

Pro

Phe

Pro

185

Asp

Ala

Lys

Gln

Pro

265

Arg

Ala

Leu

Pro

90

Ile

Lys

Leu

Thr

Ala

170

Ser

Gln

Pro

Ile

Gly

250

Ala

Phe

Arg

Arg

75

Gly

Glu

Thr

Thr

Asp

155

Gln

Ser

Leu

Ser

Ala

235

Leu

Asp

Gly

Glu

Gly
315

ATCC53159

gectccaage

ctcgatctygyg

ctceggecgga

caggccaage

agcctttega

gtctatttea

ttcegegeget

acgatcgtee

ttcegectge

gccaccctge

ctgeccgggea

Thr Asp Arg
Arg Lys Ile
110

Pro Ala Phe
125

Ala Met Leu
140

Ala Glu Ile

Arg Lys Ile

Ala Ala Lys

190

Thr Ala Lys
205

Gln Ile Asp
220

Ser Leu Pro

Thr Ala Asn

Gln Ala Arg
270

Lys Ala Ala
285

Thr Val Lys
300

Ser Gly Ala

cgctgaaaat
aatcggtgty
gecttgecga
tgggccatce
tcctgegecey
cegegetget
tcgaccacce
agtcggegge
tcgatacacc
cctteccgey

agctgatect

80

Lys Leu
95

Leu Ala

Leu Ile

Arg Asp

Glu Lys

160

Tyr Ala
175

Leu Lys

Leu Ser

Thr Ala

Ala Gln
240

Ile Ile
255

Glu Ile

Asp Ala

Tyr Gln

Thr Pro
320

gtgccttgca
gegegaacac
aaaacatccc
cttgcgeatyg
gcacaagccg
cgccaaactyg
gtctgectte
gctgaaagaa
gegecegece
getggtgeag

gcaatatgge

60

120

180

240

300

360

420

480

540

600

660
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gaccaggace
gacgatctge
tcgetggtea
ctgggcgage
ctgetecagy
accgagecge
ctggegeagt
<210> SEQ I
<211> LENGT.

<212> TYPE:
<213> ORGAN

tgccegatee
agctgetget
cggegetgeg
attatgacga
cggtgegega
agctggegac
ggagtgccaa
D NO 13

H: 348
PRT

cggcatceee
gegegatgeg
cgeceggetge
tcaccaggaa
cgagcgecag
caccgaccac

gegatga

ISM: Sphingomonas sp.

<400> SEQUENCE: 13

Met Ala Glu
1

Met Cys Leu
Leu Glu Ser
35

Thr Ala Leu
50

Glu His Tyr
65

Leu Gly Gly

Arg His Lys

Phe Thr Ala

115

Glu Ser Phe
130

Lys Gly Ile
145

Thr Trp Pro

Pro Arg Pro

Leu Pro Phe
195

Gly Gly Leu
210

Pro Asp Pro
225

Asp Asp Leu

Gly Gly Thr

Val Ala Phe
275

Gln Glu Glu
290

Ala Asn Ala Val Asp

Ala Ala Ser Gly Gly

20

Val Trp Arg Glu His

40

Gly Arg Ser Leu Ala

55

Ala Leu Gly Gln Ala

Ala Trp Arg Asn Leu

85

Pro Asp Val Val Ile

100

Leu Leu Ala Lys Leu

120

Ala Arg Phe Asp His

135

Ala Thr Val Thr Ile
150

Asp Ala Glu Leu Phe

165

Pro Lys Gln Ala Leu

180

Pro Arg Leu Val Gln

200

Pro Gly Lys Leu Ile

215

Gly Ile Pro Asp Val
230

Gln Leu Leu Leu Arg

245

Gly Ser Leu Val Thr

260

Pro Arg Arg His Asp

280

Ile Ala Gln Thr Phe

295

gacgtcgaga

gatatggtga

cgggtcgtcg

gagatcgece

cteggegeeyg

acggcecteg

ATCC53159

Gly

Gly

25

Asp

Glu

Lys

Arg

Ser

105

Ser

Pro

Val

Asp

Ile

185

Ala

Leu

Glu

Asp

Ala

265

Leu

Ala

Lys

10

His

Tyr

Lys

Leu

Gln

90

Thr

Gly

Ser

Gln

Pro

170

Phe

Val

Gln

Ile

Ala
250
Leu

Gly

Asp

Ala

Leu

Phe

His

Gly

Ser

Gly

Ala

Ala

Ser

155

Phe

Ala

Leu

Tyr

Arg

235

Asp

Arg

Glu

Arg

tccgeegtac catccegtte
tatgccacgg cggcaccgga
cctttecgeyg cegecacgat
agaccttege cgaccgggge
ctgtggaage ggccaaggca

cggegegget gegecagetyg

Ser Lys Pro Leu Lys
15

Arg Gln Ile Leu Asp
30

Phe Val Thr Glu Asp
45

Pro Val Glu Leu Val
60

His Pro Leu Arg Met
80

Leu Ser Ile Leu Arg
95

Ala Gly Ala Val Tyr
110

Lys Phe Val His Ile
125

Phe Gly Lys Met Val
140

Ala Ala Leu Lys Glu
160

Arg Leu Leu Asp Thr
175

Thr Val Gly Ala Thr
190

Asp Leu Lys Arg Ala
205

Gly Asp Gln Asp Leu
220

Arg Thr Ile Pro Phe
240

Met Val Ile Cys His
255

Ala Gly Cys Arg Val
270

His Tyr Asp Asp His
285

Gly Leu Leu Gln Ala
300

720

780

840

900

960

1020

1047
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-continued

68

Val Arg Asp Glu Arg Gln Leu Gly Ala Ala Val

305

Thr Glu Pro

Leu Arg Gln

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

310

315

Gln Leu Ala Thr Thr Asp His Thr

325

330

Leu Leu Ala Gln Trp Ser Ala Lys

340

D NO 14
H: 867
DNA
ISM: Sphingomonas sp.

<400> SEQUENCE: 14

atgagcacge
ctectgectygyg
ggcgacaaca
cggategtga
gegegtggeg
gegggeggea
aagcccgaag
gaaggctatg
gatttcgaac
cgggegatcg
ceceeggeccyg
ctgttcaaca
ceggegatga
cgectegety
ttgcagttge
<210> SEQ I
<211> LENGT.

<212> TYPE:
<213> ORGAN

cceggatcag cgtegteate
atgcgetgga geggcagacyg
attcgeectyg tgggctegeg
ccattctgga aaagggggcyg
agatcctege ctttaccgac
cgaccagggt cgegectgge
ggcegecgaa cggegecgag
tgcggegcac ccagttcacyg
gggteggegyg ctteegegtt
ccageggect caccatcaac
actggtcgge cctgetggtyg
tegagcggee gaagggcagg
tcccacagga cgtggccaag
cggtcaccac gctggteegyg
tcggecgega catctga

D NO 15

H: 288

PRT
ISM: Sphingomonas sp.

<400> SEQUENCE: 15

Met Ser Thr
1

Gln Ser Leu

Arg Asp Ala
35

Leu Ala Ala
50

Ile Leu Glu
65

Ala Arg Gly

Pro Gly Trp

Ile Gly Gly
115

Pro Arg Ile Ser Val
5

Arg Leu Cys Leu Asp
20

Phe Glu Ile Ile Val
40

Val Glu Ala Ala Val
55

Lys Gly Ala Gly Pro
70

Glu Ile Leu Ala Phe
85

Leu Ala Gly Gly Thr
100

His Met Tyr Val Arg
120

345

ATCC53159

ccgcactata

atcggtcgeg

geggtggagy

ggcecegege

agtgactgeg

cgtttecateg

gegetggaga

gtcaccgcaa

ggCgtgtCCg

tatgcaccgyg

aagacgcgge

ctgegetgge

atcctgegea

ctgeggetgt

ATCC53159

Val

Ala

Gly

Ala

Ala

Thr

Thr

105

Lys

Ile

10

Leu

Asp

Gly

Arg

Asp

90

Arg

Pro

Pro

Glu

Asn

Arg

Asn

75

Ser

Val

Glu

Glu Ala Ala

Ala Leu Ala

Arg

acgatccgea
acgcgttega
cggeggtege
gecaacgggge
tggtggagce
gegggeacat
tggcgetgge
acctgttegt
aggatctgga
atgcatcggt
gcatccageg
tggtcegtte
caccgggtac

dgcgeggcegg

His Tyr Asn

Arg Gln Thr
30

Asn Ser Pro
45

Ala Arg Ile
60

Gly Ala Ala

Asp Cys Val

Ala Pro Gly
110

Gly Pro Pro
125

Lys Ala
320

Ala Arg
335

atccttgegy
gatcatcgte
cggacgtgcg
ggcagecgca
cggctggetyg
gtatgtgcge
gttcgacaat
gatgcgegece
atggtgccac
gggccacceeg
cgaactctat
cgtggegceaa
caagggcgeg

cgeceggetty

Asp Pro
15

Ile Gly

Cys Gly

Val Thr

Ala Ala
80

Val Glu
95

Arg Phe

Asn Gly

60

120

180

240

300

360

420

480

540

600

660

720

780

840

867
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70

Ala Glu Ala
130

Arg Arg Thr
145

Asp Phe Glu

Glu Trp Cys

Pro Asp Ala

195

Leu Val Lys
210

Glu Arg Pro
225

Pro Ala Met

Thr Lys Gly

Leu Trp Arg
275

<210> SEQ I
<211> LENGT.
<212> TYPE:

Leu Glu Met Ala Leu

135

Gln Phe Thr Val Thr
150

Arg Val Gly Gly Phe

165

His Arg Ala Ile Ala

180

Ser Val Gly His Pro

200

Thr Arg Arg Ile Gln

215

Lys Gly Arg Leu Arg
230

Ile Pro Gln Asp Val

245

Ala Arg Leu Ala Ala

260

Gly Gly Ala Gly Leu

D NO 16
H: 1389
DNA

280

<213> ORGANISM: Sphingomonas sp.

<400> SEQUENCE: 16

gtggctgtag

gaagagggct

cgtggtegec

cgcegegacy

cccacccage

ctaatctcect

ggcaagacct

agctatgega

gacgtgccge

ggcaacttygg

tgcgecgaca

gattccgect

cgegtecage

cegtegatcee

caggagatga

cacatgatcc

tcegegetygyg

gegetegace

atgcgcaagt

CgCthgng

atcacggegyg

gttecgeget

atttceceget

cggatttece

agcgecgega

cggtggccga

cgatcgagag

cgctgeteca

cctgeggtge

tgctgtteca

ccgaccgect

tcacgggcac

tccgtcagea

tggtgatcge

gecgcaacgt

tegegetegy

acctgetege

aagccctgga

aggcgatcct

ththgng

atggctggtt

cgcaggtega

gagattcttyg

gactgcgaca

aacctteegt

gatcacgcge

tcggtegage

ccagcgcage

cgtgctgace

gaacgcgaat

tegeggegtyg

gccgacgggce

acgcgtgetyg

ggtcgccgag

gggcgtcgcc

catcggectyg

cgaaaccgec

getggggteg

ccagggeage

tgagatcgag

cecgetacgat

cagcggecaa

gcaggagctg

Ala Phe Asp
Ala Asn Leu
155

Arg Val Gly
170

Ser Gly Leu
185

Pro Arg Pro

Arg Glu Leu

Trp Leu Val

235

Ala Lys Ile
250

Val Thr Thr
265

Leu Gln Leu

ATCC53159

tggcegtteg
gtggtgcege
gecteegege
geceggtteg
ttcegceggge
catgtegtge
gatgtegece
ttcagcgatg
gegeccaacy
agctteggge
atcatccteg
ctgatcaaga
tcgaacctge

ccgatgecee
tcgggegtte
ccctattteg
ctcacggteg
ggcegeatge
ccactegteg
geegtggtgg

ggcgagcetca

Asn Glu Gly Tyr Val

140

Phe Val Met

Val Ser Glu

Thr Ile Asn

190

Asp Trp Ser
205

Tyr Leu Phe
220

Arg Ser Val

Leu Arg Thr

Leu Val Arg

270

Leu Gly Arg
285

gecgtegaga
atcgcgatge
tggaccgece
cgectggegac
gecteggegt
tctatggega
gcgaatccag
tctteegege
ceggegagge
ceggcegaact
acgaatatga
acctgtcgga
aggagctgat
ggctggagga
gettegatee
cgeggetget
acgccgggea
cgecegegege
cggcgetggg
atctgetgee

ccggtcaact

Arg Ala
160

Asp Leu
175

Tyr Ala

Ala Leu

Asn Ile

Ala Gln

240

Pro Gly
255

Leu Arg

Asp Ile

agaacctgaa
ccatagcgge
getggatege
cttettcaca
getggegege
gegeggeate
ctatatcgte
cgtgctggaa
ggagagcgge
ggcegaccetyg
tcgegtcage
cegtteggeyg
cggttatgeg
atcggaggtg
ggacctgact
gtgccaccat
tctgegtegt
ggtgatcgag
cgaggecteg
gggegegeac

cggectegaa

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260
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71

-continued

tcecgaaacge aggacggcega ttgccgette cgettcaccg acgatacget gecggtcetat 1320
ctgtggetga tgateggecg cctgeggete gacagceggea cgetggaaga cgcegetggece 1380
accgtectga 1389
<210> SEQ ID NO 17

<211> LENGTH: 462

<212> TYPE: PRT

<213> ORGANISM: Sphingomonas sp. ATCC53159

<400> SEQUENCE: 17

Val Ala Val Gly Ser Ala Leu Arg Phe Leu Trp Pro Phe Gly Arg Arg

Glu Glu Pro Glu Glu Glu Gly Tyr Phe Pro Leu Thr Ala Thr Val Val

20 25 30

Pro His Arg Asp Ala His Ser Gly Arg Gly Arg Pro Asp Phe Pro Thr
35 40 45

Phe Arg Ala Ser Ala Leu Asp Arg Pro Leu Asp Arg Arg Arg Asp Glu
Arg Arg Glu Ile Thr Arg Ala Arg Phe Ala Leu Ala Thr Phe Phe Thr
65 70 75 80

Pro Thr Gln Pro Val Ala Asp Arg Ser Ser Phe Ala Gly Arg Leu Gly
85 90 95

Val Leu Ala Arg Leu Ile Ser Ser Ile Glu Ser Gln Arg Ser His Val
100 105 110

Val Leu Tyr Gly Glu Arg Gly Ile Gly Lys Thr Ser Leu Leu His Val
115 120 125

Leu Thr Asp Val Ala Arg Glu Ser Ser Tyr Ile Val Ser Tyr Ala Thr
130 135 140

Cys Gly Ala Asn Ala Asn Phe Ser Asp Val Phe Arg Ala Val Leu Glu
145 150 155 160

Asp Val Pro Leu Leu Phe His Arg Gly Val Ala Pro Asn Ala Gly Glu
165 170 175

Ala Glu Ser Gly Gly Asn Leu Ala Asp Arg Leu Pro Thr Gly Ser Phe
180 185 190

Gly Pro Gly Glu Leu Ala Asp Leu Cys Ala Asp Ile Thr Gly Thr Arg
195 200 205

Val Leu Ile Ile Leu Asp Glu Tyr Asp Arg Val Ser Asp Ser Ala Phe
210 215 220

Arg Gln Gln Val Ala Glu Leu Ile Lys Asn Leu Ser Asp Arg Ser Ala
225 230 235 240

Arg Val Gln Leu Val Ile Ala Gly Val Ala Ser Asn Leu Gln Glu Leu
245 250 255

Ile Gly Tyr Ala Pro Ser Ile Arg Arg Asn Val Ile Gly Leu Pro Met
260 265 270

Pro Arg Leu Glu Glu Ser Glu Val Gln Glu Met Ile Ala Leu Gly Glu
275 280 285

Thr Ala Ser Gly Val Arg Phe Asp Pro Asp Leu Thr His Met Ile His
290 295 300

Leu Leu Ala Leu Gly Ser Pro Tyr Phe Ala Arg Leu Leu Cys His His
305 310 315 320

Ser Ala Leu Glu Ala Leu Asp Gln Gly Arg Leu Thr Val Asp Ala Gly
325 330 335

His Leu Arg Arg Ala Leu Asp Gln Ala Ile Leu Glu Ile Glu Gly Arg
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74

-continued

340 345 350

Met Pro Pro Arg Ala Val Ile Glu Met Arg Lys Phe Val Gly Gly Arg
355 360 365
Tyr Asp Pro Leu Val Ala Ala Leu Gly Glu Ala Ser Arg Ser Ala Asp
370 375 380
Gly Trp Phe Ser Gly Gln Ala Val Val Asp Leu Leu Pro Gly Ala His
385 390 395 400
Ile Thr Ala Ala Gln Val Glu Gln Glu Leu Gly Glu Leu Thr Gly Gln
405 410 415

Leu Gly Leu Glu Ser Glu Thr Gln Asp Gly Asp Cys Arg Phe Arg Phe

420 425 430
Thr Asp Asp Thr Leu Pro Val Tyr Leu Trp Leu Met Ile Gly Arg Leu

435 440 445
Arg Leu Asp Ser Gly Thr Leu Glu Asp Ala Leu Ala Thr Val
450 455 460

<210> SEQ ID NO 18
<211> LENGTH: 1299
<212> TYPE: DNA
<213> ORGANISM: Sphingomonas sp. ATCC53159
<400> SEQUENCE: 18
atgaagccga gacceggggg aacctttatg caagtaaatt tcaatcgaca ggctcgcaag 60
cteggtgeeg gcaatgeget cgegeggggg gggeccegtge ttgegetget tgcgaccgeg 120
gcatggacac aacctgcgct ggcgcagcega caggcatttg agtccegecce ctecggtage 180
gagcgacagyg tcgatattceg cgcgacgggg tegctggaat atgacgacaa cgtegtgetg 240
aacgaccagce ggatcacgga cggcgegegt ggcgatgtga tegecatcgece cgggetggac 300
gtgaccctag ttetgccceg cgccaccggg cagctctace tcaccggcaa tgtcggatat 360
cgcettttaca agcgatatac caactttaac cgcgagcaga tctegctcac cggeggegca 420
gatcageggt tegectectyg cgtegtgcac ggggaagteg getatcageg ccacctcacce 480
gacctgteca gcatcttgat ccaggacacce acgcctgege tcaacaacac cgaagaggec 540
cggcagtaca ccgcggatat cggctgegge gegacctacyg gectgeggee tgcegtttee 600
tacacccgca acgaagtgcg caacagectt gecgagegece gatacgcegga ctcgaatace 660
aacaccttta ccgcacagct tggcctgact tegectgece tggggaccegt ggceggtattt 720
gggegtatgt ccgacagcag ctatgtccat cgegtectte cecggcattac cggccaggac 780
gggatgaaga gctacgcgge cggegtccag ctcgageget cggtggecaa ccgactccat 840
ttcaacggcet cggtgaatta caccgaggtt gacccaaage tcegcatccac caaaggatte 900
aagggcgtag gatttaacgt ttccggegat tatgetggtyg atcagtacag cctccaattg 960
ctggcttcac gatcgccecca gecttcactt cttetgtteg tgggttacga gattgtgaca 1020
gcggtttegg cgaatgcgac gcgecggetg agcgatcgca ttcagatatc gctgcaagge 1080
agccgaacct ggcgcgagcet cgcgtcettceg cggcectgcetca ccaacgtgece gatttcecggce 1140
aacgacaaca cctcgacgtt gttcecgectcee gctaccttece ggccgaatceg cceggctgagce 1200
tttgtgetgg gtgccggect tcagcecggcgce accagcaaca cgcagctata cagttacagce 1260
tccaaacgca tcaatctcecte gacgtcegett tcgectctga 1299

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 19
H: 432
PRT
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-continued

76

<213> ORGANISM:

<400> SEQUENCE:

Met
1

Gln

Gln

Asp

65

Asn

Pro

Tyr

Phe

Ala

145

Asp

Thr

Tyr

Ser

Ala

225

Gly

Thr

Arg

Glu

Phe

305

Leu

Glu

Arg

Ser

Ser
385

Lys

Ala

Leu

Arg

Ile

Asp

Gly

Leu

Asn

130

Ser

Leu

Glu

Gly

Leu

210

Gln

Arg

Gly

Ser

Val

290

Asn

Ala

Ile

Ile

Ser

370

Thr

Pro

Arg

Ala

35

Gln

Arg

Gln

Leu

Thr

115

Arg

Cys

Ser

Glu

Leu

195

Ala

Leu

Met

Gln

Val

275

Asp

Val

Ser

Val

Gln

355

Arg

Leu

Arg

Lys

20

Leu

Ala

Ala

Arg

Asp

100

Gly

Glu

Val

Ser

Ala

180

Arg

Glu

Gly

Ser

Asp

260

Ala

Pro

Ser

Arg

Thr
340
Ile

Leu

Phe

Sphingomonas sp.

19

Pro

Leu

Leu

Phe

Thr

Ile

85

Val

Asn

Gln

Val

Ile

165

Arg

Pro

Arg

Leu

Asp

245

Gly

Asn

Lys

Gly

Ser

325

Ala

Ser

Leu

Ala

Gly

Gly

Ala

Glu

Gly

70

Thr

Thr

Val

Ile

His

150

Leu

Gln

Ala

Arg

Thr

230

Ser

Met

Arg

Leu

Asp

310

Pro

Val

Leu

Thr

Ser
390

Gly

Ala

Thr

Ser

Ser

Asp

Leu

Gly

Ser

135

Gly

Ile

Tyr

Val

Tyr

215

Ser

Ser

Lys

Leu

Ala

295

Tyr

Gln

Ser

Gln

Asn
375

Ala

Thr

Gly

Ala

40

Arg

Leu

Gly

Val

Tyr

120

Leu

Glu

Gln

Thr

Ser

200

Ala

Pro

Tyr

Ser

His

280

Ser

Ala

Pro

Ala

Gly
360

Val

Thr

ATCC53159

Phe

Asn

25

Ala

Pro

Glu

Ala

Leu

105

Arg

Thr

Val

Asp

Ala

185

Tyr

Asp

Ala

Val

Tyr

265

Phe

Thr

Gly

Ser

Asn
345
Ser

Pro

Phe

Met

10

Ala

Trp

Ser

Tyr

Arg

90

Pro

Phe

Gly

Gly

Thr

170

Asp

Thr

Ser

Leu

His

250

Ala

Asn

Lys

Asp

Leu

330

Ala

Arg

Ile

Arg

Gln

Leu

Thr

Gly

Asp

75

Gly

Arg

Tyr

Gly

Tyr

155

Thr

Ile

Arg

Asn

Gly

235

Arg

Ala

Gly

Gly

Gln

315

Leu

Thr

Thr

Ser

Pro
395

Val

Ala

Gln

Ser

Asp

Asp

Ala

Lys

Ala

140

Gln

Pro

Gly

Asn

Thr

220

Thr

Val

Gly

Ser

Phe

300

Tyr

Leu

Arg

Trp

Gly

380

Asn

Asn

Arg

Pro

45

Glu

Asn

Val

Thr

Arg

125

Asp

Arg

Ala

Cys

Glu

205

Asn

Val

Leu

Val

Val

285

Lys

Ser

Phe

Arg

Arg

365

Asn

Arg

Phe

Gly

30

Ala

Arg

Val

Ile

Gly

110

Tyr

Gln

His

Leu

Gly

190

Val

Thr

Ala

Pro

Gln

270

Asn

Gly

Leu

Val

Leu
350
Glu

Asp

Arg

Asn

15

Gly

Leu

Gln

Val

Ala

95

Gln

Thr

Arg

Leu

Asn

175

Ala

Arg

Phe

Val

Gly

255

Leu

Tyr

Val

Gln

Gly

335

Ser

Leu

Asn

Leu

Arg

Pro

Ala

Val

Leu

80

Ser

Leu

Asn

Phe

Thr

160

Asn

Thr

Asn

Thr

Phe

240

Ile

Glu

Thr

Gly

Leu

320

Tyr

Asp

Ala

Thr

Ser
400
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-continued

Phe Val Leu Gly Ala Gly Leu Gln Arg Arg Thr

405

410

Tyr Ser Tyr Ser Ser Lys Arg Ile Asn Leu Ser

<210> SEQ I
<211> LENGT.
<212> TYPE:

420

D NO 20
H: 918
DNA

<213> ORGANISM: Sphingomonas sp.

<400> SEQUENCE: 20

atgcatatca
acgeecggegy
gcaacgccge
gegcagaccyg
gtggacgacg
gtgcaggegg
accgcgacct
aagccgateg
caggtgaaca
gecegtgecy
ggctccageyg
atggtgacge
caaattaacg
geccagggeg
ggcaatgaac
ggcgaacgat
<210> SEQ I

<211> LENGT.
<212> TYPE:

agaatcgett
cggegeagat
cggcgcaaca
ccgcaaccgt
tgatcgagge
acggcacggt
cgctegecga
tcagegtega
gttecggect
geggectgeg
ccaagetgga
ccggggacaa
cgectggegt
gtgggettge
tcaagttgaa
tgttctga

D NO 21

H: 305
PRT

cgtgaatatc

cceccacgegy

gcagaaccag

tgccectgea

cgacgtgete

gaccctgece

aaagctggec

aatcgteggt

gcagceggte

ccececgaageg

ctacaagaag

ggtctttgte

atacgcgatt

ccecegeagge

getggacgat

<213> ORGANISM: Sphingomonas sp.

<400> SEQUENCE: 21

Met His Ile
1

Ala Ala Leu

Pro Ala Pro
35

Asn Gln Ala
50

Ala Thr Val

Val Asp Asp

Thr Arg Ala

Gly Ala Val

115

Leu Ala Gly

Lys Asn Arg Phe Val

Ala Thr Pro Ala Ala

Ala Arg Pro Arg Pro

40

Pro Ser Thr Pro Ala

55

Ala Pro Ala Ala Thr

70

Val Ile Glu Ala Asp

85

Arg Val Gln Ala Asp

100

Gln Val Lys Gly Glu

120

Leu Leu Arg Ala Gly

425

ATCC53159

tcgacgttygyg

tcegtgeceyg

gegecgtega

gcaaccgcac

ggccagaccyg

tatctgggeyg

gggctgctgc

ttcgtcagea

gaccgegget

gecgattteg

ctcgeccaag

ccggaagteg

cgatcggaca

tccgtcaage

ccgattetee

ATCC53159

Asn

Ala

Ala

Ala

Ala

Val

Gly

105

Thr

Gly

Ile

10

Gln

Thr

Ala

Pro

Leu

90

Thr

Ala

Tyr

Ser

Ile

Pro

Thr

Ala

75

Gly

Val

Thr

Tyr

Ser Asn Thr

Thr Ser Leu
430

ccatcgeege
cgeceggeccyg
cgcecgecage
ccgcaggtta
acttcaagac
cegtgecaggt
gegecggegyg
actatgtgac
atcacgttte
tcgtteteac
gtggccccaa
agcatttcta
tgacgcteeyg
gtgtgaaggt

caggcgacac

Thr Leu Ala

Pro Thr Arg

Pro Ala Gln
45

Pro Ala Gln
60

Gly Tyr Lys

Gln Thr Asp

Thr Leu Pro
110

Ser Leu Ala
125

Ala Lys Pro

Gln Leu
415

Ser Leu

cgegetggee
ccegeggect
ggcaaccceeg
caaaatcgge
gegegecegt
caagggcgag
ctattatgee
ggtgctggge
cgagatcatce
cegegecgat
tgacgatccg
catttatggt
tcgegegety
cacgcgggat

gatcgtcate

Ile Ala
15

Ser Val

Gln Gln

Thr Ala

Ile Gly
80

Phe Lys
95
Tyr Leu

Glu Lys

Ile Val

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

918
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ued

80

130

Ser Val Glu
145

Gln Val Asn

Ser Glu Ile

Phe Val Val

195

Lys Lys Leu
210

Gly Asp Lys
225

Gln Ile Asn

Arg Arg Ala

Lys Arg Val

275

Asp Asp Pro
290

Phe
305

<210> SEQ I
<211> LENGT.
<212> TYPE:

135

Ile Val Gly Phe Val
150

Ser Ser Gly Leu Gln

165

Ile Ala Arg Ala Gly

180

Leu Thr Arg Ala Asp

200

Ala Gln Gly Gly Pro

215

Val Phe Val Pro Glu
230

Ala Pro Gly Val Tyr

245

Leu Ala Gln Gly Gly

260

Lys Val Thr Arg Asp

280

Ile Leu Pro Gly Asp

D NO 22
H: 1347
DNA

295

<213> ORGANISM: Sphingomonas sp.

<400> SEQUENCE: 22

gtgaatatca

tttctegttt

gccactacge

agctecgeagt

accgeeggte

ttcaacaact

atcgacaata

gacagctege

cagtcgeteg

gccgaagety

aagaccggca

atcgaggggc

ceggegeaga

ggtccgaace

gcggceggegy

agcgcageca

acgcagetge

gtcgecgate

ttecagttett

gegttaccac

gggtggtgcet

tcatgegege

gegtggtega

cgteegegge

ccaaggecga

ccgagegage

cecgecaageg

ccegegatte

tcgtgetgac

agacgacgac

tgcagctege

acccaacttt

aacgcgegea

acgcccageg

agcgtgacgt

tgcggetgga

ccgeattetyg

tgccaccatt

cgacacgttt

ctatgtcgag

cgaactggge

tgccaccgge

tgtgatggag

cgaacgcatce

ccaggecgeg

getegetgeyg

cgaaaccgge

cgccaccged

ccagatcgac

ccaggecttyg

ggcgaacggc

CgCgnggtt

ctcgetgaag

agcaagcagc

Ser

Pro

Gly

185

Gly

Asn

Val

Ala

Gly

265

Gly

Thr

Asn

Val

170

Leu

Ser

Asp

Glu

Ile

250

Leu

Asn

Ile

Tyr

155

Asp

Arg

Ser

Asp

His

235

Arg

Ala

Glu

Val

ATCC53159

tgggthgCC

gtggtccagt

aagcccgatce

actcagaccc

tgggtgaatg

gacatccgee

gggagcaaca

gccaacctga

accaagtcgg

geggtecagg

gecgacetgyg

ceggttgeca

cagcagatcc

cagcggcage

gtatceggte

ctcggcaatce

caggatcagt

aacgatgteg

140

Val Thr Val

Arg Gly Tyr

Pro Glu Ala

190

Ala Lys Leu
205

Pro Met Val
220

Phe Tyr Ile

Ser Asp Met

Pro Ala Gly

270

Leu Lys Leu
285

Ile Gly Glu
300

gatggatcat
ttctgeccga
cegtcacegy
agctgatcga
atccggcgaa
getggetege
tcctegaaat
tccgeaccte
ccgactggta
ccegcaccga
aaacccagaa
tggcceccag
agcaggcage
gcgaagtgtt
cggcacgcegg
gtcaggatgt
acatgaaggce

gecatgtcgac

Leu Gly
160

His Val
175

Ala Asp

Asp Tyr

Thr Pro

Tyr Gly

240

Thr Leu
255

Ser Val

Lys Leu

Arg Leu

ccteceggey
acgctacaag
acaggtgatg
ggactatgeg
catcteegey
caagcagatc
cacctatteg
gttectegece
cgcccageag
tttegtgaag
gctecageag
cggcatggge
gaccagccta
cgccaaggca
ggccatcgaa
cgacaagcett
ggcacagegce

gctcagegaa

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080
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82

gecatcggege
ggctteggee
gtcegeagee
agccgegect
gacacgcacyg
<210> SEQ I

<211> LENGT.
<212> TYPE:

cggaaacgec
tcgggetegy
ccgaggatcet
cgecttgeage
gagcttcagt
D NO 23

H: 448
PRT

ctattacccce

tctgetggte

ggaagttgcg

cegecttege

aaactga

<213> ORGANISM: Sphingomonas sp.

<400> SEQUENCE: 23

Val Asn Ile
1

Ile Leu Pro
Gln Phe Leu
35

Thr Phe Lys
50

Met Arg Ala
65

Thr Ala Gly

Asn Ile Ser

Arg Arg Trp

115

Met Glu Gly
130

Glu Arg Ala
145

Gln Ser Leu

Tyr Ala Gln

Gln Ala Arg

195

Thr Gly Ala
210

Thr Thr Thr
225

Pro Ala Gln

Ala Thr Ser

Gln Arg Glu

275

Asn Gly Val
290

Ala Gln Arg
305

Thr Gln Leu

Ile Gln Phe Phe Arg

Ala Phe Leu Val Cys

20

Pro Glu Arg Tyr Lys

40

Pro Asp Pro Val Thr

55

Tyr Val Glu Thr Gln

70

Arg Val Val Asp Glu

85

Ala Phe Asn Asn Ser

100

Leu Ala Lys Gln Ile

120

Ser Asn Ile Leu Glu

135

Glu Arg Ile Ala Asn
150

Ala Ala Lys Arg Gln

165

Gln Ala Glu Ala Ala

180

Thr Asp Phe Val Lys

200

Asp Leu Glu Thr Gln

215

Ala Thr Ala Pro Val
230

Met Gln Leu Ala Gln

245

Leu Gly Pro Asn His

260

Val Phe Ala Lys Ala

280

Ser Gly Pro Ala Arg

295

Ala Arg Val Leu Gly
310

Gln Arg Asp Val Ser

aaggtgcege

gegetgeteg

atcgatgcac

cgcgeccaag

ATCC53159

Ile

Val

25

Ala

Gly

Thr

Leu

Ser

105

Ile

Ile

Leu

Ala

Arg

185

Lys

Lys

Ala

Ile

Pro

265

Ala

Gly

Asn

Leu

Leu

10

Thr

Thr

Gln

Gln

Gly

90

Ala

Asp

Thr

Ile

Ala

170

Asp

Thr

Leu

Met

Asp

250

Thr

Ala

Ala

Arg

Lys

Trp

Thr

Thr

Val

Leu

75

Trp

Ala

Asn

Tyr

Arg

155

Thr

Ser

Gly

Gln

Ala

235

Gln

Phe

Ala

Ile

Gln
315

Gln

tcatcatecgg tggtgcagec
tcgagetget cggecgecge
cggtgetggyg cgtgatccag

aaaccctegg cgaaggtgec

Val Arg Arg Trp Ile
15

Ala Thr Ile Val Val
30

Arg Val Val Leu Asp
45

Met Ser Ser Gln Phe
60

Ile Glu Asp Tyr Ala
80

Val Asn Asp Pro Ala
95

Ala Thr Gly Asp Ile
110

Thr Lys Ala Asp Val
125

Ser Asp Ser Ser Pro
140

Thr Ser Phe Leu Ala
160

Lys Ser Ala Asp Trp
175

Leu Ala Ala Ala Val
190

Ile Val Leu Thr Glu
205

Gln Ile Glu Gly Gln
220

Pro Ser Gly Met Gly
240

Gln Ile Gln Gln Ala
255

Gln Ala Leu Gln Arg
270

Glu Arg Ala Gln Ala
285

Glu Ser Ala Ala Asn
300

Asp Val Asp Lys Leu
320

Asp Gln Tyr Met Lys

1140

1200

1260

1320

1347
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325 330 335
Ala Ala Gln Arg Val Ala Asp Leu Arg Leu Glu Ala Ser Ser Asn Asp
340 345 350
Val Gly Met Ser Thr Leu Ser Glu Ala Ser Ala Pro Glu Thr Pro Tyr
355 360 365
Tyr Pro Lys Val Pro Leu Ile Ile Gly Gly Ala Ala Gly Phe Gly Leu
370 375 380
Gly Leu Gly Leu Leu Val Ala Leu Leu Val Glu Leu Leu Gly Arg Arg
385 390 395 400
Val Arg Ser Pro Glu Asp Leu Glu Val Ala Ile Asp Ala Pro Val Leu
405 410 415
Gly Val Ile Gln Ser Arg Ala Ser Leu Ala Ala Arg Leu Arg Arg Ala
420 425 430
Gln Glu Thr Leu Gly Glu Gly Ala Asp Thr His Gly Ala Ser Val Asn
435 440 445
<210> SEQ ID NO 24
<211> LENGTH: 708
<212> TYPE: DNA
<213> ORGANISM: Sphingomonas sp. ATCC53159
<400> SEQUENCE: 24
atggacgcga tgaccagcga accgctgecce gaaggcgate gtecgagege cgtgecgace 60
acgccggata cgatcggcat getcgaatac cagetegtece tetecgatcece gaccgggate 120
gaggcggaag cgatccgcege gctacgcacg cgcatcatga cccagcacct cegegaggge 180
cggegegege tegegatetg cgccgecteg gegggatceg getgcagett caccgecgte 240
aatctggcega cggegetgge gcagategge gttaagactyg cgetggtega tgccaatctg 300
cgegatccca gcateggege agecttegge ctegecgecyg acaagceccegyg cctggecgat 360
tatctegect cgggegatgt cgacctegece tegatcatee atgcgacceyg cctegaccag 420
ctetegatca tcceggecgg gecatgtegag cacagceccege aggaactget cgcegtcecgaa 480
cagttccatg atctggcgac gcagcetgetyg cgegagtteg acatcacgat cttegacace 540
acggcgtcca acacctgege cgacgegcag cgtgtegege atatcgecegyg ctatgegate 600
atcgtggege gcaaggatgce gagctacatce cgecgacgtga acacgctcag ccgcacgcetg 660
cgtgcagace gcaccaacgt catcggetge gtactgaacyg gctattga 708
<210> SEQ ID NO 25
<211> LENGTH: 235
<212> TYPE: PRT
<213> ORGANISM: Sphingomonas sp. ATCC53159
<400> SEQUENCE: 25
Met Asp Ala Met Thr Ser Glu Pro Leu Pro Glu Gly Asp Arg Pro Ser
1 5 10 15
Ala Val Pro Thr Thr Pro Asp Thr Ile Gly Met Leu Glu Tyr Gln Leu
20 25 30
Val Leu Ser Asp Pro Thr Gly Ile Glu Ala Glu Ala Ile Arg Ala Leu
35 40 45
Arg Thr Arg Ile Met Thr Gln His Leu Arg Glu Gly Arg Arg Ala Leu
50 55 60
Ala Ile Cys Ala Ala Ser Ala Gly Ser Gly Cys Ser Phe Thr Ala Val
65 70 75 80
Asn Leu Ala Thr Ala Leu Ala Gln Ile Gly Val Lys Thr Ala Leu Val
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-continued
85 90 95
Asp Ala Asn Leu Arg Asp Pro Ser Ile Gly Ala Ala Phe Gly Leu Ala
100 105 110
Ala Asp Lys Pro Gly Leu Ala Asp Tyr Leu Ala Ser Gly Asp Val Asp
115 120 125
Leu Ala Ser Ile Ile His Ala Thr Arg Leu Asp Gln Leu Ser Ile Ile
130 135 140
Pro Ala Gly His Val Glu His Ser Pro Gln Glu Leu Leu Ala Ser Glu
145 150 155 160
Gln Phe His Asp Leu Ala Thr Gln Leu Leu Arg Glu Phe Asp Ile Thr
165 170 175
Ile Phe Asp Thr Thr Ala Ser Asn Thr Cys Ala Asp Ala Gln Arg Val
180 185 190
Ala His Ile Ala Gly Tyr Ala Ile Ile Val Ala Arg Lys Asp Ala Ser
195 200 205
Tyr Ile Arg Asp Val Asn Thr Leu Ser Arg Thr Leu Arg Ala Asp Arg
210 215 220
Thr Asn Val Ile Gly Cys Val Leu Asn Gly Tyr
225 230 235
<210> SEQ ID NO 26
<211> LENGTH: 882
<212> TYPE: DNA
<213> ORGANISM: Sphingomonas sp. ATCC53159
<400> SEQUENCE: 26
atggcagcga ccgcgatgac geggcagcag gagaggaagyg gceggtggeta ttggetggece 60
gttgceggte ttgeccgceget aaccatccceg acctteatca cectgggteg cgaggtttgg 120
agtgcggaag gcggegtgca gggtccgate gtgetegeca cgggegectyg gatgetggece 180
cgccagtget cgacgatcga ggcgctacge cgeccceggea gegtgetget cggegegetg 240
ttecectgetgyg cgacgettge cttctacace gttggacggyg tgttecgactt catcagtgte 300
gaaacctteg gactggtcge gacctatctg gtegtegect atctctattt cggtgccagyg 360
gtgctcegtyg cegectggtt ccoccggtgetg tggetgttet tectggtgece gecgeccgge 420
tgggcegteg accgcatcac cgcaccgetce aaggagtteg tcetectatge ggcaacggge 480
ctgctttect gggtggatta tccgatectg cgecagggeyg tgacactgtt cgteggecce 540
tatcagctge tcgtecgaaga tgcctgtteg ggtetgeget cgetgtcecag cctggtegte 600
gtgacgctge tctacatcta catcaagaac aagccgtcect ggegctacge ggegttcatce 660
gcagegetygy tgatccceggt ggcagtggtg accaacgtcee tgcggatcat catcctggta 720
ctgatcacct atcatctggg cgacgaggeg gegcagaget tectecacgt ctccaccgge 780
atggtgatgt tcgtggtcge cctgctttge atcttegega tegactgggt ggtcgagcaa 840
cttcttetee tgcgtcggag gcatcatgtt caaccggegt ga 882
<210> SEQ ID NO 27
<211> LENGTH: 293
<212> TYPE: PRT
<213> ORGANISM: Sphingomonas sp. ATCC53159

<400> SEQUENCE: 27

Met Ala Ala Thr Ala Met Thr Arg Gln Gln Glu Arg Lys Gly Gly Gly

1

5

10

15

Tyr Trp Leu Ala Val Ala Gly Leu Ala Ala Leu Thr Ile Pro Thr Phe
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88

Ile Thr Leu
35

Pro Ile Val
50

Thr Ile Glu
65

Phe Leu Leu

Phe Ile Ser

Ala Tyr Leu

115

Val Leu Trp
130

Arg Ile Thr
145

Leu Leu Ser

Phe Val Gly

Arg Ser Leu

195

Lys Asn Lys
210

Ile Pro Val
225

Leu Ile Thr
Val Ser Thr
Ala Ile Asp

275
His Val Gln

290

<210> SEQ I
<211> LENGT.
<212> TYPE:

20

Gly Arg Glu Val Trp

40

Leu Ala Thr Gly Ala

55

Ala Leu Arg Arg Pro

70

Ala Thr Leu Ala Phe

85

Val Glu Thr Phe Gly

100

Tyr Phe Gly Ala Arg

120

Leu Phe Phe Leu Val

135

Ala Pro Leu Lys Glu
150

Trp Val Asp Tyr Pro

165

Pro Tyr Gln Leu Leu

180

Ser Ser Leu Val Val

200

Pro Ser Trp Arg Tyr

215

Ala Val Val Thr Asn
230

Tyr His Leu Gly Asp

245

Gly Met Val Met Phe

260

Trp Val Val Glu Gln

Pro Ala

D NO 28
H: 699
DNA

280

<213> ORGANISM: Sphingomonas sp.

<400> SEQUENCE: 28

atgttcaacc

cteggectga

atgcccaagg

cgcgaaggea

geggacggtyg

cagctgeace

gagcagacca

aacttcaacc

aacggcaatc

ggcgtgacct

agccgcacceg

cattecggege

gcctggagga

cccaagtgat

ggceggaaat

tcceggtgac

gcaccgagca

agcagatgct

getgatcegge

geggatggac

atggaaggca

caagctctac

getgetgate

atgctacceg

gccgcaggtg

gatcctctac

cgcgeggetyg

25

Ser

Trp

Gly

Tyr

Leu

105

Val

Pro

Phe

Ile

Val

185

Val

Ala

Val

Glu

Val

265

Leu

Ala

Met

Ser

Thr

90

Val

Leu

Pro

Val

Leu

170

Glu

Thr

Ala

Leu

Ala

250

Val

Leu

Glu

Leu

Val

75

Val

Ala

Arg

Pro

Ser

155

Arg

Asp

Leu

Phe

Arg

235

Ala

Ala

Leu

ATCC53159

gcaggetget

ctgctgggcg

gaggataccyg

aaccaggtgg

gectatggea

ttettegget

acgatcceeg

tggacccgeyg

aagagccagg

30

Gly Gly Val
45

Ala Arg Gln
60

Leu Leu Gly

Gly Arg Val

Thr Tyr Leu

110

Ala Ala Trp
125

Gly Trp Ala
140

Tyr Ala Ala

Gln Gly Val

Ala Cys Ser
190

Leu Tyr Ile
205

Ile Ala Ala
220

Ile Ile Ile

Gln Ser Phe

Leu Leu Cys
270

Leu Arg Arg
285

tegecgecge
gcaccaagct
gttegetgat
tcaccegege
acgcccagac
tcaccgtggt
gtegegeget
tcggcgaata

tccagggety

Gln Gly

Cys Ser

Ala Leu
80

Phe Asp
95

Val Val

Phe Pro

Val Asp

Thr Gly
160

Thr Leu
175

Gly Leu

Tyr Ile

Leu Val

Leu Val
240

Leu His
255

Ile Phe

Arg His

tggecgecteg
cgacacgcetyg
cgegeeggeyg
cttetecege
cgatctactyg
ggaaagccat
gaccgecace
tctgcegeayg

gatcgtcgac

60

120

180

240

300

360

420

480

540
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ggtgtgctgg tgcgcatcte gacggtgacy

ctcgattteg cgegegaget ggtgaagacg

gggaacggge tcacacggca gcteggtcac

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 29
H: 232
PRT

<213> ORGANISM: Sphingomonas sp.

<400> SEQUENCE: 29

Met Phe Asn
1

Ala Gly Ala
Gly Gly Thr

35
Lys Ala Glu
Leu Glu Asp
65

Ala Asp Gly

Thr Asp Leu

Gly Phe Thr

115

Gln Val Thr
130

Thr Glu Gln
145

Asn Gly Asn

Trp Ile Val

Ala Glu Asp

195

Lys Thr Leu
210

Thr Arg Gln
225

<210> SEQ I
<211> LENGT.
<212> TYPE:

Arg Arg Asp Leu Leu

Ser Leu Gly Leu Lys

20

Lys Leu Asp Thr Leu

40

Asp Thr Gly Ser Leu

Lys Leu Tyr Asn Gln

70

Ala Gln Val Met Leu

85

Leu Gln Leu His Arg

100

Val Val Glu Ser His

120

Ile Pro Gly Arg Ala

135

Ile Leu Tyr Trp Thr
150

Gln Gln Met Leu Ala

165

Asp Gly Val Leu Val

180

Gly Leu Ser Ala Asn

200

Asp Pro Arg Val Leu

215

Leu Gly His Gln Val
230

D NO 30
H: 1395
DNA

<213> ORGANISM: Sphingomonas sp.

<400> SEQUENCE: 30

atgaacgeeg

ctgectgece

gagcggecegy

atcaccgeeg

atcgegecga

atcctggtygg

ttgttcegat

gegtegacge

tttegeccac

cectggetgge

tcggegagac

dcgaggggcea

gegecgegge

ttatgacacc

cgegeggett

gatcggcaag

caagatcgte

gaaggtcgee

cccgaggegy aagatggect
ctcgaccege gegtgetgeg

caggtctga

ATCC53159

Ile Gly Ala Gly Cys Phe
10

Pro His Arg Arg Met Asp
25 30

Met Pro Lys Ala Phe Gly
45

Ile Ala Pro Ala Arg Glu
60

Val Val Thr Arg Ala Phe
75

Leu Ile Ala Tyr Gly Asn
90

Pro Glu Ile Cys Tyr Pro
105 110

Glu Gln Thr Ile Pro Val
125

Leu Thr Ala Thr Asn Phe
140

Arg Val Gly Glu Tyr Leu
155

Arg Leu Lys Ser Gln Val
170

Arg Ile Ser Thr Val Thr
185 190

Leu Asp Phe Ala Arg Glu
205

Arg Pro Leu Leu Gly Asn
220

ATCC53159

ggcecgeteg ccegeatgeg
gecttectge ctgcegeget
accgccaagyg tgatgcetgge
gtcgaagteg tcegegecgac
cagtcgecceg aatcggggat

aagggccagyg tgctgatcac

gagcgcecaat

ccegetgete

Ala Ala
15

Leu Leu

Ala Trp

Gly Ser

Ser Arg
80

Ala Gln
95

Phe Phe

Thr Pro

Asn Arg

Pro Gln
160

Gln Gly
175

Pro Glu

Leu Val

Gly Leu

cgataccgtyg
ggagatcatc
cgggetggeyg
geaggggegg
cgteegecge

getegacceeg

600

660

699

60

120

180

240

300

360
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-continued
accgtgtegt cggeggagge ggcacaggeg aaggtggege tgctcagege ccagetcgac 420
gecgcacgca accaggcegat catcgacgeg ctggacggca ggggetteeg cttegtegeg 480
cctgeegeceg ccageceggg cgaagtggeg acgcategeg gectegeeeg cgeceggetg 540
ggccagatceg aggeggeget ggeeggegge cgctccgate geggtgecge cgteteggec 600
geggecgagg cgcaggcaca ggtgcggaag ctcegaacagt cgetgecget getcgaacag 660
cagatcgeeg cgaacgagac gatggecgece aagggctatg tetegaaget gegegtegtg 720
gagatgcgte gccagctgat cgccgagegyg caggacctga cggeggegeyg cgetacgetce 780
gccaaactceg gccagcagte getgagegte tccagectgt cggecaagac gegegaggag 840
gegegggege aggtgctgea ggatctggte aaggcegcagg acgaggtgeg tgeccgegge 900
gaggacgtcg ccaaggcgaa tctgcegcage tegtteegeg aactgegege gecggtgage 960
ggtaccgtet cgcagetgca ggtccacace gaaggceggeg tggtggaagyg ggccaagecg 1020
ctecctecagece tggttcccga caatgcccgg ctegaggecg aggtgatggt cgacaacagce 1080
gacatcggcet tcecgtccacat cggcatgccg gtaaaggtga agctgcaggce ctttcecctat 1140
acccgetacyg gcatgattee cggcacggtyg gegggcatca gececgagge ggtgcagatg 1200
aaggagaacc agccgecggt ctacaaggeg cggatcgege tggegegegg gtatgtgetg 1260
geccatggeg cacaggtgee getgeggeceyg gggatgeteg cgagegegga catcgtcacce 1320
ggcaagcgaa ccctgttcag ctatctggtg gggccegtge tcegagacggg gagtgacgceg 1380
ctgcacgagce ggtga 1395
<210> SEQ ID NO 31
<211> LENGTH: 464
<212> TYPE: PRT
<213> ORGANISM: Sphingomonas sp. ATCC53159

<400> SEQUENCE: 31

Met Asn Ala
1

Arg Asp Thr
Leu Pro Ala
35

Arg Leu Thr
50

Trp Leu Ala
65

Ile Ala Pro

Ile Val Arg

Gln Val Leu
115

Gln Ala Lys
130

Gln Ala Ile
145

Pro Ala Ala

Arg Ala Arg

Val Val Pro Met Arg

Val Leu Pro Ala Arg

Ala Leu Glu Ile Ile

40

Ala Lys Val Met Leu

55

Ile Gly Lys Val Glu

70

Ile Gly Glu Thr Lys

Arg Ile Leu Val Gly

100

Ile Thr Leu Asp Pro

120

Val Ala Leu Leu Ser

135

Ile Asp Ala Leu Asp
150

Ala Ser Pro Gly Glu

165

Leu Gly Gln Ile Glu

180

Arg Gly Gly

Val

Glu

Ala

Val

Ile

Glu

105

Thr

Ala

Gly

Val

Ala
185

10

Asp

Arg

Gly

Val

Val

Gly

Val

Gln

Arg

Ala

170

Ala

Ala

Pro

Leu

Ala

75

Gln

Gln

Ser

Leu

Gly
155

Thr

Leu

Pro Leu Ala

Tyr Asp Thr

Val Ser Pro
45

Ala Ile Thr
60

Pro Thr Gln

Ser Pro Glu

Lys Val Ala
110

Ser Ala Glu
125

Asp Ala Ala
140

Phe Arg Phe

His Arg Gly

Ala Gly Gly
190

Arg Met
15

Ala Phe

Thr Ala

Ala Ala

Gly Arg
80

Ser Gly
95

Lys Gly

Ala Ala

Arg Asn

Val Ala
160

Leu Ala
175

Arg Ser
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94

Asp Arg Gly
195

Arg Lys Leu
210

Asn Glu Thr
225

Glu Met Arg

Arg Ala Thr

Leu Ser Ala

275

Leu Val Lys
290

Lys Ala Asn
305

Gly Thr Val

Gly Ala Lys

Ala Glu Val

355

Met Pro Val
370

Met Ile Pro
385

Lys Glu Asn
Gly Tyr Val
Leu Ala Ser

435
Leu Val Gly

450

<210> SEQ I
<211> LENGT.
<212> TYPE:

Ala Ala Val Ser Ala

200

Glu Gln Ser Leu Pro

215

Met Ala Ala Lys Gly
230

Arg Gln Leu Ile Ala

245

Leu Ala Lys Leu Gly

260

Lys Thr Arg Glu Glu

280

Ala Gln Asp Glu Val

295

Leu Arg Ser Ser Phe
310

Ser Gln Leu Gln Val

325

Pro Leu Leu Ser Leu

340

Met Val Asp Asn Ser

360

Lys Val Lys Leu Gln

375

Gly Thr Val Ala Gly
390

Gln Pro Pro Val Tyr

405

Leu Ala His Gly Ala

420

Ala Asp Ile Val Thr

440

Pro Val Leu Glu Thr

D NO 32
H: 2187
DNA

455

<213> ORGANISM: Sphingomonas sp.

<400> SEQUENCE: 32

atgacacgceg

gagcgcegagy

cacaacatcg

agcgecgacyg

gaggtgcege

ggctggttcg

gecccggaac

ctcaccaccce

cagttecegge

ctgeteggec

acgaaatgca

cggagctgcg

ccatcacgec

acctgatcct

geggeggact

tgatcggcgg

aggtcgaccyg

gegeggtgge

gctategeac

tegeegegec

ggccacccety

cgaatccgga

cgaacagetyg

cctggecaag

cgcecegecag

cctgaccgaa

gganCgCtg

dggacggecy

getgttecte

getgttgtte

Ala

Leu

Tyr

Glu

Gln

265

Ala

Arg

Arg

His

Val

345

Asp

Ala

Ile

Lys

Gln

425

Gly

Gly

Ala

Leu

Val

Arg

250

Gln

Arg

Ala

Glu

Thr

330

Pro

Ile

Phe

Ser

Ala

410

Val

Lys

Ser

Glu

Glu

Ser

235

Gln

Ser

Ala

Arg

Leu

315

Glu

Asp

Gly

Pro

Pro

395

Arg

Pro

Arg

Asp

ATCC53159

cagagcgege

ctggtggcgt

cgccacgege

cgccagcagyg

cegetgeceyg

catggcgtga

gacgcgatcet

ctgeggtteg

gaggtgcteg

cagagcgtga

Ala Gln Ala
205

Gln Gln Ile
220

Lys Leu Arg

Asp Leu Thr

Leu Ser Val

270

Gln Val Leu
285

Gly Glu Asp
300

Arg Ala Pro

Gly Gly Val

Asn Ala Arg

350

Phe Val His
365

Tyr Thr Arg
380

Glu Ala Val

Ile Ala Leu

Leu Arg Pro
430

Thr Leu Phe
445

Ala Leu His
460

tcgeggecca
tgtcgetget
tgggccatge
gegtgegege
cgatcgecga
tcatccageyg
ggtcecggege
gectetectyg
gcatcaccct

tcgacaaggt

Gln Val

Ala Ala

Val Val
240

Ala Ala
255

Ser Ser

Gln Asp

Val Ala

Val Ser
320

Val Glu
335

Leu Glu

Ile Gly

Tyr Gly

Gln Met

400

Ala Arg
415

Gly Met

Ser Tyr

Glu Arg

tggggcggcyg
geteggegeg
cgaggeggcea
caaggccgte
cgggcccgaa
ccegggecat
getggtgetg
gttcaccgeg
cgcgetcaac

getgatccac

60

120

180

240

300

360

420

480

540

600
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96

-continued
aacagcatga gcacgctgag cgtgctegece ttegecttee tggeggttte ggtgtgggaa 660
gtggegeteyg getggatceg caccegectg ttcaccgaga cgacgcagaa gatcgacgtce 720
gagetgggtyg ceceggetgtt ccaccacctg ctggegetge cgetcegecta tttecgagaag 780
cgecgegtgg gcegacaccgt cacccgegte cgecageteg agacgatcceg cgaattectt 840
accagcgect cgctgacggt gatggtggac cegetgttea ccettegtgtt cctegecgeg 900
atgctgttet actcgecgat getcteggge ategtgeteg tgtegetgat cgectatgeg 960
atcgtatecgt tcagecgtege cgggcecgcte cgegegeggg tggaggacaa gttcgagaag 1020
agcteegeca gcaacgegcet getcegtegag agegtcetegyg gcatccacac gatcaaggceg 1080
accgeggteg agcecgcactg gcagaatcge tgggagcegece agetegecge ccataccgece 1140
gegtegecage ggetgatcaa taccgcecaac accggcagec aggcgatcga getgatcteg 1200
aagctgagct tcgcggcgat ccectgttette ggecgccaagg cggtgatcgg cggcgcgatg 1260
agcgtaggceg cgctggtgge gttcaacatg ttegcecccage gegtgtccecgg gecggtgatce 1320
cgcatggcgce agctgtggca ggatttccag caggtgcgca tctcecggtcga geggcetgggce 1380
gacgtgctceca accatccggt ggaaccgege ccggectegg cggcgacget gecggtgetg 1440
cgeggtgega ttcecgettega gaatgtcage ttecegctatg ccgaggacca gecgeceggtg 1500
ctgagcgaca tcacgctcga cattccggcg ggcacctege tcggcatcgt cggttegteg 1560
ggctegggea agtcgacgcet ggccaagetg ctccagegge tcaacctgec gaatctegge 1620
cgegtgetgg tcgacgaggt cgacgtggceg cagctcgatce cecgectgget gegtcegecag 1680
atcggegteg tgctgcagga gaatctgcetg ttcagceget cgatccgcga gaacatcgeg 1740
ctcetecaace ccgcecatgcee gttcgagaat gtegtegegyg cggegacget ggcceggegeg 1800
catgatttca tcctgcgeca gecgcecgegge tatgacaccg agatcgtcga gegeggcgte 1860
aatctecteeg geggecageg ccageggete gecatcegece gegegetegt cggcaatccg 1920
cgcatccetgg tgttcgacga agcgacctceg gcgctcgatg ccgagagcga ggagctgatce 1980
cagaacaacc tgcgegecat cteggecgge cgecacgceteg tggtgatege gcatcegectg 2040
agcgeggtge gcagetgcga ccggatcatce acgetcegaac agggccgcat cgtcgagage 2100
ggccgacacyg acgaattgtt gcgectggge ggccegetatg cegacctgca cegecgecag 2160
ggcggctatg gggagattge cgcatga 2187
<210> SEQ ID NO 33
<211> LENGTH: 728
<212> TYPE: PRT
<213> ORGANISM: Sphingomonas sp. ATCC53159
<400> SEQUENCE: 33
Met Thr Arg Asp Glu Met Gln Ala Thr Leu Gln Ser Ala Leu Ala Ala
1 5 10 15
His Gly Ala Ala Glu Arg Glu Ala Glu Leu Arg Glu Ser Gly Leu Val
20 25 30
Ala Leu Ser Leu Leu Leu Gly Ala His Asn Ile Ala Ile Thr Pro Glu
35 40 45
Gln Leu Arg His Ala Leu Gly His Ala Glu Ala Ala Ser Ala Asp Asp
50 55 60
Leu Ile Leu Leu Ala Lys Arg Gln Gln Gly Val Arg Ala Lys Ala Val
65 70 75 80
Glu Val Pro Arg Gly Gly Leu Ala Arg Gln Pro Leu Pro Ala Ile Ala
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98

Asp

Ala
Ala
145

Gln

Leu

Leu

Trp

225

Glu

Tyr

Leu

Ser

305

Ile

Lys

Ser

Asn

Leu

385

Lys

Gly

Gln

Phe

His
465

Arg

Gln

Gly

Ile

Leu

130

Val

Phe

Ala

Ile

Ala

210

Ile

Leu

Phe

Glu

Asp

290

Pro

Val

Phe

Gly

Arg

370

Ile

Leu

Gly

Arg

Gln
450
Pro

Gly

Pro

Pro

Ile

115

Asp

Ala

Arg

Leu

Asp

195

Phe

Arg

Gly

Glu

Thr

275

Pro

Met

Ser

Glu

Ile

355

Trp

Asn

Ser

Ala

Val

435

Gln

Val

Ala

Pro

Glu

100

Gln

Ala

Gly

Arg

Asn

180

Lys

Ala

Thr

Ala

Lys

260

Ile

Leu

Leu

Phe

Lys

340

His

Glu

Thr

Phe

Met

420

Ser

Val

Glu

Ile

Val
500

85

Gly

Arg

Ile

Arg

Tyr

165

Leu

Val

Phe

Arg

Arg

245

Arg

Arg

Phe

Ser

Ser

325

Ser

Thr

Arg

Ala

Ala

405

Ser

Gly

Arg

Pro

Arg
485

Leu

Trp

Pro

Trp

Pro

150

Arg

Leu

Leu

Leu

Leu

230

Leu

Arg

Glu

Thr

Gly

310

Val

Ser

Ile

Gln

Asn

390

Ala

Val

Pro

Ile

Arg
470

Phe

Ser

Phe

Gly

Ser

135

Leu

Thr

Gly

Ile

Ala

215

Phe

Phe

Val

Phe

Phe

295

Ile

Ala

Ala

Lys

Leu

375

Thr

Ile

Gly

Val

Ser
455
Pro

Glu

Asp

Val

His

120

Gly

Arg

Leu

Leu

His

200

Val

Thr

His

Gly

Leu

280

Val

Val

Gly

Ser

Ala

360

Ala

Gly

Leu

Ala

Ile

440

Val

Ala

Asn

Ile

Ile

105

Ala

Ala

Phe

Phe

Ala

185

Asn

Ser

Glu

His

Asp

265

Thr

Phe

Leu

Pro

Asn

345

Thr

Ala

Ser

Phe

Leu

425

Arg

Glu

Ser

Val

Thr
505

90

Gly

Pro

Leu

Gly

Leu

170

Ala

Ser

Val

Thr

Leu

250

Thr

Ser

Leu

Val

Leu

330

Ala

Ala

His

Gln

Phe

410

Val

Met

Arg

Ala

Ser
490

Leu

Gly

Glu

Val

Leu

155

Glu

Pro

Met

Trp

Thr

235

Leu

Val

Ala

Ala

Ser

315

Arg

Leu

Val

Thr

Ala

395

Gly

Ala

Ala

Leu

Ala
475

Phe

Asp

Leu

Gln

Leu

140

Ser

Val

Leu

Ser

Glu

220

Gln

Ala

Thr

Ser

Ala

300

Leu

Ala

Leu

Glu

Ala

380

Ile

Ala

Phe

Gln

Gly
460
Thr

Arg

Ile

Thr

Val

125

Leu

Trp

Leu

Leu

Thr

205

Val

Lys

Leu

Arg

Leu

285

Met

Ile

Arg

Val

Pro

365

Ala

Glu

Lys

Asn

Leu

445

Asp

Leu

Tyr

Pro

Glu

110

Asp

Thr

Phe

Gly

Phe

190

Leu

Ala

Ile

Pro

Val

270

Thr

Leu

Ala

Val

Glu

350

His

Ser

Leu

Ala

Met

430

Trp

Val

Pro

Ala

Ala
510

95

His

Arg

Thr

Thr

Ile

175

Gln

Ser

Leu

Asp

Leu

255

Arg

Val

Phe

Tyr

Glu

335

Ser

Trp

Gln

Ile

Val

415

Phe

Gln

Leu

Val

Glu
495

Gly

Gly

Asp

Arg

Ala

160

Thr

Ser

Val

Gly

Val

240

Ala

Gln

Met

Tyr

Ala

320

Asp

Val

Gln

Arg

Ser

400

Ile

Ala

Asp

Asn

Leu
480

Asp

Thr
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100

Ser Leu Gly
515

Lys Leu Leu
530

Asp Glu Val
545

Ile Gly Val

Glu Asn Ile

Ala Ala Ala

595

Arg Gly Tyr
610

Gly Gln Arg
625

Arg Ile Leu

Glu Glu Leu

Leu Val Val

675

Ile Ile Thr
690

Glu Leu Leu
705

Gly Gly Tyr

<210> SEQ I
<211> LENGT.
<212> TYPE:

Ile Val Gly Ser Ser

520

Gln Arg Leu Asn Leu

535

Asp Val Ala Gln Leu
550

Val Leu Gln Glu Asn

565

Ala Leu Ser Asn Pro

580

Thr Leu Ala Gly Ala

600

Asp Thr Glu Ile Val

615

Gln Arg Leu Ala Ile
630

Val Phe Asp Glu Ala

645

Ile Gln Asn Asn Leu

660

Ile Ala His Arg Leu

680

Leu Glu Gln Gly Arg

695

Arg Leu Gly Gly Arg
710

Gly Glu Ile Ala Ala

725
D NO 34
H: 1413

DNA

<213> ORGANISM: Sphingomonas sp.

<400> SEQUENCE: 34

atgaacgett

acgccatetg

ttgctgetge

gacggcaact

cteggeaceyg

ggcgtgaaga

tacctgctga

tegetggtec

dgcggeagge

aatgcggteg

atgctgeatce

aaggagcatc

ctegtecccee

acgetggteg

tcgaagcaca

cecgetecegt

tggacagtct

ggctgteget

cgctegeaag

gecatcttete

cggecgaget

tcctgatggt

tgctcgacga

cgctegacge

gectgggeac

gegeggtetg

agttcaatge

tctegeaggy

gegegecttt

gtggegtege

ctcgateetyg

ggcgggcatc

cggcacctac

ggcattctte

geegetgtee

gggCCgCCtg

actggtcatc

geggatcate

caccgtgatce

ggCgCthtg

getgggegeg

ccegetcaac

Gly

Pro

Asp

Leu

Ala

585

His

Glu

Ala

Thr

Arg

665

Ser

Ile

Tyr

Ser

Asn

Pro

Leu

570

Met

Asp

Arg

Arg

Ser

650

Ala

Ala

Val

Ala

Gly

Leu

Ala

555

Phe

Pro

Phe

Gly

Ala

635

Ala

Ile

Val

Glu

Asp
715

ATCC53159

gaggagcaac

tcgacgetge

gecggattee

aacgtecggeyg

tcgetgaact

ttetegatet

cgegtgcage

atgttecegee

atcgacggeyg

aatctctege

gggttegace

ctcaagggca

atcggcgtgg

atgcccaacc

Lys Ser Thr
525

Gly Arg Val
540

Trp Leu Arg

Ser Arg Ser

Phe Glu Asn
590

Ile Leu Arg
605

Val Asn Leu
620

Leu Val Gly

Leu Asp Ala

Ser Ala Gly
670

Arg Ser Cys
685

Ser Gly Arg
700

Leu His Arg

ttcgggcgea

ggatggtect
acgtcgegge
tettectget
gectgegeta
tegtegtect
tggcggaggg
gecacgtecg
tctegetega
cgaacccgeg
gggtgategt
tgaacatcaa

acgcctttga

gecgegaagaa

Leu Ala

Leu Val

Arg Gln
560

Ile Arg
575

Val Val

Gln Pro

Ser Gly

Asn Pro
640

Glu Ser
655

Arg Thr

Asp Arg

His Asp

Arg Gln
720

ttcecegggtt
ctataccgag
gggcacgege
gecgateget
cceggteage
geteggeage
cgcgatecte
cgcggttace
cgtegeggge
cgatcegcaa
cgectgeace
gggcgagatc
cgggaaggat

gegegegete

60

120

180

240

300

360

420

480

540

600

660

720

780

840
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-continued
gatctcgega tcaccgtace ggccegtgete gegetggege cgectgatgat cctggtggeg 900
atcctgatca agctggagag cccgggceceg gtgttgtteg cgcaggatcg cgteggecge 960

ggcaaccggce tgttcaagat catgaagttc cgctcgatge gegtaacgct gtgcgacgcg 1020
aacggcaacg tcteggecag ccgcgacgac gatcgcatca ccaaggtegyg ccgcettcate 1080
cgcaagacca gcatcgacga actgccgecag ctgctgaacyg tgctgcegegyg cgacatgage 1140
gtcgteggee cgecggccgca tgcgctggge tcegcecgegceeg ccgatcacct gttetgggaa 1200
atcgacgagce gctactggca ccgccacacg ctcaagceegg gcatgaccegyg tetggeccag 1260
gtgcgeggtt teecgegggge gaccgatcge cgegtegatce tgaccaaccg getccaggea 1320
gacatggaat atatcgacgg atgggatatc tggcgcgata tcacgatcct gttcaagacyg 1380
ctgcgggtga tcgtgcattce gaacgcattc tga 1413
<210> SEQ ID NO 35

<211> LENGTH: 470

<212> TYPE: PRT

<213> ORGANISM: Sphingomonas sp. ATCC53159

<400> SEQUENCE: 35

Met Asn Ala Phe Glu Ala Gln Arg Ala Phe Glu Glu Gln Leu Arg Ala
1 5 10 15

His Ser Arg Val Thr Pro Ser Ala Ala Pro Val Trp Arg Arg Ser Thr
20 25 30

Leu Arg Met Val Leu Tyr Thr Glu Leu Leu Leu Leu Asp Ser Leu Ser
35 40 45

Ile Leu Ala Gly Phe His Val Ala Ala Gly Thr Arg Asp Gly Asn Trp
50 55 60

Leu Ser Leu Ala Gly Ile Asn Val Gly Val Phe Leu Leu Pro Ile Ala
65 70 75 80

Leu Gly Thr Ala Leu Ala Ser Gly Thr Tyr Ser Leu Asn Cys Leu Arg
85 90 95

Tyr Pro Val Ser Gly Val Lys Ser Ile Phe Ser Ala Phe Phe Phe Ser
100 105 110

Ile Phe Val Val Leu Leu Gly Ser Tyr Leu Leu Thr Ala Glu Leu Pro
115 120 125

Leu Ser Arg Val Gln Leu Ala Glu Gly Ala Ile Leu Ser Leu Val Leu
130 135 140

Leu Met Val Gly Arg Leu Met Phe Arg Arg His Val Arg Ala Val Thr
145 150 155 160

Gly Gly Arg Leu Leu Asp Glu Leu Val Ile Ile Asp Gly Val Ser Leu
165 170 175

Asp Val Ala Gly Asn Ala Val Ala Leu Asp Ala Arg Ile Ile Asn Leu
180 185 190

Ser Pro Asn Pro Arg Asp Pro Gln Met Leu His Arg Leu Gly Thr Thr
195 200 205

Val Ile Gly Phe Asp Arg Val Ile Val Ala Cys Thr Lys Glu His Arg
210 215 220

Ala Val Trp Ala Leu Leu Leu Lys Gly Met Asn Ile Lys Gly Glu Ile
225 230 235 240

Leu Val Pro Gln Phe Asn Ala Leu Gly Ala Ile Gly Val Asp Ala Phe
245 250 255

Asp Gly Lys Asp Thr Leu Val Val Ser Gln Gly Pro Leu Asn Met Pro
260 265 270
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Asn Arg Ala
275

Val Leu Ala
290

Leu Glu Ser
305

Gly Asn Arg

Leu Cys Asp

Ile Thr Lys

355

Pro Gln Leu
370

Arg Pro His
385

Ile Asp Glu

Gly Leu Ala

Asp Leu Thr

435

Asp Ile Trp
450

Val His Ser
465

<210> SEQ I
<211> LENGT.
<212> TYPE:

Lys Lys Arg Ala Leu

280

Leu Ala Pro Leu Met

295

Pro Gly Pro Val Leu
310

Leu Phe Lys Ile Met

325

Ala Asn Gly Asn Val

340

Val Gly Arg Phe Ile

360

Leu Asn Val Leu Arg

375

Ala Leu Gly Ser Arg
390

Arg Tyr Trp His Arg

405

Gln Val Arg Gly Phe

420

Asn Arg Leu Gln Ala

440

Arg Asp Ile Thr Ile

455

Asn Ala Phe
470

D NO 36
H: 879
DNA

<213> ORGANISM: Sphingomonas sp.

<400> SEQUENCE: 36

atgaagggca

atctcgaage

ctgatgctca

ttccaggege

ccctececca

cccagegage

caggcagecg

gaccccegage

gaggaaaagc

aaggacgtgg

accgacgtca

ggctatgect

cgcacgeteg

agcggcetgge

tatgcegect

<210> SEQ I

tcatcettge

agctgettec

cecggeateeg

tgctgggcga

anggCtggC

tgatcectggyg

cagcgcagge

gctacggegt

cggecgagec

tcgacatege

accgegttta

ggctcgacac

agcatcggac

tcggegecga

atctcegeaa

D NO 37

dgggggeage

cgtctatgac

ggacatcctyg

cggeteggec

cgaagegtte

cgacaacatc

agcgcagggc

ggtegegtte

caagtccaac

caagtcgatc

catggagcge

cggcacgcat

gggcgtgaag

agacctgete

ggttgcgace

Asp Leu Ala

Ile Leu Val

Phe Ala Gln

315

Lys Phe Arg
330

Ser Ala Ser
345

Arg Lys Thr

Gly Asp Met

Ala Ala Asp

395

His Thr Leu
410

Arg Gly Ala
425

Asp Met Glu

Leu Phe Lys

ATCC53159

gggacgegece
aagccgatga
attatctcca
ttcggcatca
atcatcggeg
tatcacggeg
ggtgcaaacyg
gacccggaga
tgggcgatca
cagcectegyg
ggcgacctge
gacagcctge
atcgecetgee
aagcgegecg

gcagcatga

Ile Thr Val
285

Ala Ile Leu
300

Asp Arg Val

Ser Met Arg

Arg Asp Asp

350

Ser Ile Asp
365

Ser Val Val
380

His Leu Phe

Lys Pro Gly

Thr Asp Arg
430

Tyr Ile Asp
445

Thr Leu Arg
460

tgtacccege
tcttctatcece
ccecegegega
acctcagceta
cggatttegt
aaaagatggg
tcttegecta
cgggegtege
ccggectgta
cgegeggega
acatcacgeg
acgaagccgg
cggaggaaat

ceggectegy

Pro Ala

Ile Lys

Gly Arg

320

Val Thr
335

Asp Arg

Glu Leu

Gly Pro

Trp Glu
400

Met Thr
415

Arg Val

Gly Trp

Val Ile

aacgctatcg
getgteggtyg
cctgecgatyg
tgccgageag
cggcaacgat
cgagcgetge
tcatgtcgac
caccagecgte
tttctacgac
actcgagatc
ccteggecge
ctegttegtt
cgecttegaa

caagaccgge

60

120

180

240

300

360

420

480

540

600

660

720

780

840

879
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<211> LENGTH: 292

<212> TYPE: PRT

<213> ORGANISM: Sphingomonas sp.
<400> SEQUENCE: 37

Met Lys Gly Ile Ile Leu Ala Gly
1 5

Ala Thr Leu Ser Ile Ser Lys Gln
20

Met Ile Phe Tyr Pro Leu Ser Val
35 40

Ile Leu Ile Ile Ser Thr Pro Arg
50 55

Leu Gly Asp Gly Ser Ala Phe Gly
65 70

Pro Ser Pro Asn Gly Leu Ala Glu
85

Val Gly Asn Asp Pro Ser Ala Leu
100

Gly Glu Lys Met Gly Glu Arg Cys
115 120

Gln Gly Gly Ala Asn Val Phe Ala
130 135

Tyr Gly Val Val Ala Phe Asp Pro
145 150

Glu Glu Lys Pro Ala Glu Pro Lys
165

Tyr Phe Tyr Asp Lys Asp Val Val
180

Ser Ala Arg Gly Glu Leu Glu Ile
195 200

Glu Arg Gly Asp Leu His Ile Thr
210 215

Leu Asp Thr Gly Thr His Asp Ser
225 230

Arg Thr Leu Glu His Arg Thr Gly
245

Ile Ala Phe Glu Ser Gly Trp Leu
260

Ala Ala Gly Leu Gly Lys Thr Gly
275 280

Ala Thr Ala Ala
290

<210> SEQ ID NO 38

<211> LENGTH: 567

<212> TYPE: DNA

<213> ORGANISM: Sphingomonas sp.
<400> SEQUENCE: 38

atgacccagg tccatcatca cgaactgtece
ggcgaccace geggettett ctccgaagtyg

gtcgaggcac gctgggtgca ggacaatcag

ggcctgcate tccaggegee geccttegee

ATCC53159

Gly

Leu

25

Leu

Asp

Ile

Ala

Ile

105

Gln

Tyr

Glu

Ser

Asp

185

Thr

Arg

Leu

Val

Gly

265

Tyr

Ser

10

Leu

Met

Leu

Asn

Phe

90

Leu

Ala

His

Thr

Asn

170

Ile

Asp

Leu

His

Lys

250

Ala

Ala

Gly

Pro

Leu

Pro

Leu

75

Ile

Gly

Ala

Val

Gly

155

Trp

Ala

Val

Gly

Glu

235

Ile

Glu

Ala

ATCC53159

ggcgtcateyg

ttcaagcagt

agcttetegyg

caggccaage

Thr Arg Leu
Val Tyr Asp

30
Thr Gly Ile
Met Phe Gln
60

Ser Tyr Ala

Ile Gly Ala

Asp Asn Ile

110

Ala Ala Gln
125

Asp Asp Pro
140

Val Ala Thr

Ala Ile Thr

Lys Ser Ile

190

Asn Arg Val
205

Arg Gly Tyr
220

Ala Gly Ser

Ala Cys Pro

Asp Leu Leu

270

Tyr Leu Arg
285

agttcacgee

cggtgetega tgccgaagge

cggeceeggyg cacgatccge

tggtcegegt

Tyr

15

Lys

Arg

Ala

Glu

Asp

95

Tyr

Ala

Glu

Ser

Gly

175

Gln

Tyr

Ala

Phe

Glu

255

Lys

Lys

gcccaaatat

gttgegegge

Pro

Pro

Asp

Leu

Gln

80

Phe

His

Ala

Arg

Val

160

Leu

Pro

Met

Trp

Val

240

Glu

Arg

Val

60

120

180

240
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gegatctteg acgtcgeggt cgacatcegt cgeggetege ccacctatgg caaatgggte 300
ggegtegage tcteggccga gaagtggaac cagcetgetgg tecccegecgg ctatgcegeac 360
ggcttcatga cgctegttee ggattgcgag atcctctaca aggtcagege caaatatteg 420
aaggattcgg agatggcgat ccgttgggac gatcccgate tegecatege ctggecggac 480
atcggegteg agceceggtect ctccgaaaag gacgeggteg ccacgecctt cgcecgaatte 540
aacacceccct tettectatca gggctga 567
<210> SEQ ID NO 39
<211> LENGTH: 188
<212> TYPE: PRT
<213> ORGANISM: Sphingomonas sp. ATCC53159
<400> SEQUENCE: 39
Met Thr Gln Val His His His Glu Leu Ser Gly Val Ile Glu Phe Thr
1 5 10 15
Pro Pro Lys Tyr Gly Asp His Arg Gly Phe Phe Ser Glu Val Phe Lys

20 25 30
Gln Ser Val Leu Asp Ala Glu Gly Val Glu Ala Arg Trp Val Gln Asp

35 40 45
Asn Gln Ser Phe Ser Ala Ala Pro Gly Thr Ile Arg Gly Leu His Leu
50 55 60
Gln Ala Pro Pro Phe Ala Gln Ala Lys Leu Val Arg Val Leu Arg Gly
65 70 75 80
Ala Ile Phe Asp Val Ala Val Asp Ile Arg Arg Gly Ser Pro Thr Tyr
85 90 95

Gly Lys Trp Val Gly Val Glu Leu Ser Ala Glu Lys Trp Asn Gln Leu

100 105 110
Leu Val Pro Ala Gly Tyr Ala His Gly Phe Met Thr Leu Val Pro Asp

115 120 125
Cys Glu Ile Leu Tyr Lys Val Ser Ala Lys Tyr Ser Lys Asp Ser Glu
130 135 140
Met Ala Ile Arg Trp Asp Asp Pro Asp Leu Ala Ile Ala Trp Pro Asp
145 150 155 160
Ile Gly Val Glu Pro Val Leu Ser Glu Lys Asp Ala Val Ala Thr Pro
165 170 175

Phe Ala Glu Phe Asn Thr Pro Phe Phe Tyr Gln Gly

180 185
<210> SEQ ID NO 40
<211> LENGTH: 1062
<212> TYPE: DNA
<213> ORGANISM: Sphingomonas sp. ATCC53159
<400> SEQUENCE: 40
atgcagcaga ccttectegt caccggegge gecggcettea teggetcegge ggtggtgege 60
cacctegtee gccagggege gegcegtcatce aatctcegaca agcetcaccta tgccggcaac 120
ceggectege tgactgegat cgagaacgeg ccecaactate gettegteca tgccgacate 180
geegacaceyg cgacgatcct accgetgetg cgcgaggage aggtcgatgt ggtgatgeac 240
ctegecgeceg agagecatgt cgatcgeteg atcgacggece ctggcgagtt catcgagace 300
aatgtcgteg gcaccttcaa getgctecag teggegetge aatattggeyg cgagetggag 360
ggcgagaaac gcgacgcegtt ccgettccac cacatctcca ccgacgaagt gttcggcegac 420
ctgcegtteg acageggcat cttcaccgaa gagacgccect atgatcccte ctegecctat 480
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teggegtega aggeggegag cgaccatctg gtgegegect ggggcecacac ctatggectg 540
ceggtggtge tgtcgaactg ctcgaacaat tacgggccegt tecacttece cgagaagetg 600
atccegttga ccatcctcaa cgcgctegag ggcaagcecge tgccggtcta cggcaaggge 660
gagaatatcc gcgactgget gtatgtcgac gatcacgcca aggcgctgge gaccatcgece 720
accaccggca aggtcggeca gagctacaat gteggeggece gcaacgageyg gaccaacctg 780
caggtggteg agacgatctg cgacctgete gaccagcegea tteegetgge cgacggtcege 840
aagcgecgeg aactgatcac cttcegtcacce gatcgceceeg gcecatgacceyg ccgctacgeg 900
atcgacgcga ccaagctcga gaccgagetg ggctggaagyg ctgaggagaa tttcegacace 960
ggcatcgeceg cgacgatcga ctggtatctg gcgaacgagt ggtggtgggg cccgatccge 1020
tceggcaaat atgccggcga geggcetgggg cagaccgect ga 1062

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 41
H: 353
PRT

<213> ORGANISM: Sphingomonas sp.

<400> SEQUENCE: 41

Met Gln Gln
1

Ala Val Val
Asp Lys Leu
35

Asn Ala Pro
50

Thr Ile Leu
65

Leu Ala Ala

Phe Ile Glu

Leu Gln Tyr
115

Phe His His
130

Ser Gly Ile
145

Ser Ala Ser

Thr Tyr Gly

Pro Phe His
195

Leu Glu Gly
210

Asp Trp Leu
225

Thr Thr Gly

Arg Thr Asn

Thr Phe Leu Val Thr

Arg His Leu Val Arg

20

Thr Tyr Ala Gly Asn

40

Asn Tyr Arg Phe Val

55

Pro Leu Leu Arg Glu

70

Glu Ser His Val Asp

85

Thr Asn Val Val Gly

100

Trp Arg Glu Leu Glu

120

Ile Ser Thr Asp Glu

135

Phe Thr Glu Glu Thr
150

Lys Ala Ala Ser Asp

165

Leu Pro Val Val Leu

180

Phe Pro Glu Lys Leu

200

Lys Pro Leu Pro Val

215

Tyr Val Asp Asp His
230

Lys Val Gly Gln Ser

245

Leu Gln Val Val Glu

260

ATCC53159

Gly

Gln

25

Pro

His

Glu

Arg

Thr

105

Gly

Val

Pro

His

Ser

185

Ile

Tyr

Ala

Tyr

Thr
265

Gly

10

Gly

Ala

Ala

Gln

Ser

90

Phe

Glu

Phe

Tyr

Leu

170

Asn

Pro

Gly

Lys

Asn
250

Ile

Ala

Ala

Ser

Asp

Val

75

Ile

Lys

Lys

Gly

Asp

155

Val

Cys

Leu

Lys

Ala

235

Val

Cys

Gly Phe Ile

Arg Val Ile
30

Leu Thr Ala
45

Ile Ala Asp
60

Asp Val Val

Asp Gly Pro

Leu Leu Gln
110

Arg Asp Ala
125

Asp Leu Pro
140

Pro Ser Ser

Arg Ala Trp

Ser Asn Asn
190

Thr Ile Leu
205

Gly Glu Asn
220

Leu Ala Thr

Gly Gly Arg

Asp Leu Leu
270

Gly Ser
15

Asn Leu

Ile Glu

Thr Ala

Met His
80

Gly Glu
95

Ser Ala

Phe Arg

Phe Asp

Pro Tyr
160

Gly His
175

Tyr Gly

Asn Ala

Ile Arg

Ile Ala
240

Asn Glu
255

Asp Gln
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Arg Ile Pro
275

Val Thr Asp
290

Leu Ala Asp Gly Arg
280

Arg Pro Gly His Asp
295

Lys Leu Glu Thr Glu Leu Gly Trp

305

Gly Ile Ala

Gly Pro Ile

Ala

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

310

Ala Thr Ile Asp Trp
325

Arg Ser Gly Lys Tyr
340

D NO 42
H: 867
DNA
ISM: Sphingomonas sp.

<400> SEQUENCE: 42

atgcgtatce
gtgggccacg
atcgaggeceg
geggtegaca
ggegtgetgg
tatgtgtteg
ggcgtetatyg
aacgcegtga
atgcteegec
cccagttegyg
gacggcgega
ttcgcatcga
ggcattccca
tgcacceget
gtcegtactgg
<210> SEQ I
<211> LENGT.

<212> TYPE:
<213> ORGAN

tcgtcacegyg gcatgacgge
agctggtett caccacctac
gtgtggcgeg ggtgcacccyg
aggcggaaag cgaacccgag
cgegegeggy cgcgaagatce
acggcagtct cgaccgeect
gegegaccaa getggecgge
tceggetgge ctgggtctac
tcgecgagac gegegacgeg
cgctggacat cgcgaccgeg
cgagceggect ctaccattte
cgatcttege cgagagcgec
getegggeta tcecgactecy
tcgeggagac ctteggetac
atcgectget cggetga

D NO 43

H: 288

PRT
ISM: Sphingomonas sp.

<400> SEQUENCE: 43

Met Arg Ile
1

Ala Glu Gln
Phe Asp Leu
35

His Pro Asp
50

Ala Glu Ser
65

Leu Val Thr Gly His
5

Ala Val Gly His Glu
20

Ser Lys Pro Glu Thr
40

Leu Ile Val Ser Ala
55

Glu Pro Glu Leu Ala
70

Lys

Arg

Lys

Tyr

Ala
345

Arg

Arg

Ala

Leu

330

Gly

Arg

Tyr

Glu

315

Ala

Glu

ATCC53159

caggtegece

cccgaatteg

gacctgatcyg

ctggcgatgg

ggcgcgcecga

tggcgegagg

gagcaggcgy

agccegtteg

ctgaacgteg

atcctgacgg

geeggeacceyg

aagcgeggtyg

gecacgegee

nggCgCCtg

ATCC53159

Asp Gly Gln

Leu

25

Ile

Ala

Met

10

Val

Glu

Ala

Ala

Phe

Ala

Tyr

Ile
75

Glu Leu Ile
285

Ala Ile Asp
300

Glu Asn Phe

Asn Glu Trp

Thr Phe

Ala Thr

Asp Thr
320

Trp Trp
335

Arg Leu Gly Gln Thr

350

agtcgetgge
atctctccaa
tctecgecge
cgatcaacgg
tcatccacct
acgatcccac
tgcaggecte
gcaacaattt
tggaggacca
tggtcgggca
gcgagaccaa
gecectegge
cggccaatte

cctggcagga

Val Ala Gln
Thr Thr Tyr
30

Gly Val Ala
45

Thr Ala Val
60

Asn Gly Asp

cgagcaggeg
gecggagacg
cgcctacacy
cgacggtece
gtcgaccgat
cggecegete
gggtgccace
cgtcaagacyg
gtggggctge
ctggcagcag
ctgggecgac
caccgtcace
geggetggac

ttcgctgaac

Ser Leu

15

Pro Glu

Arg Val

Asp Lys

Gly Pro
80

60

120

180

240

300

360

420

480

540

600

660

720

780

840

867
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Gly Val Leu Ala Arg Ala Gly Ala Lys Ile Gly

Leu Ser Thr Asp Tyr Val Phe Asp Gly Ser Leu
100 105

Glu Asp Asp Pro Thr Gly Pro Leu Gly Val Tyr
115 120

Ala Gly Glu Gln Ala Val Gln Ala Ser Gly Ala
130 135

Arg Leu Ala Trp Val Tyr Ser Pro Phe Gly Asn
145 150 155

Met Leu Arg Leu Ala Glu Thr Arg Asp Ala Leu
165 170

Gln Trp Gly Cys Pro Ser Ser Ala Leu Asp Ile
180 185

Thr Val Val Gly His Trp Gln Gln Asp Gly Ala
195 200

His Phe Ala Gly Thr Gly Glu Thr Asn Trp Ala
210 215

Ile Phe Ala Glu Ser Ala Lys Arg Gly Gly Pro
225 230 235

Gly Ile Pro Ser Ser Gly Tyr Pro Thr Pro Ala
245 250

Ser Arg Leu Asp Cys Thr Arg Phe Ala Glu Thr
260 265

Pro Ala Trp Gln Asp Ser Leu Asn Val Val Leu
275 280

<210> SEQ ID NO 44

<211> LENGTH: 132

<212> TYPE: DNA

<213> ORGANISM: Sphingomonas sp. ATCC53159

<400> SEQUENCE: 44

atccggetgt gectggggtyg ctggeggteg cccaaggaaa tegecggetyg gagegagetg

agtcctaagg gaaagcgege ggtgctagag geattgecgg cgegegaacyg ggagcatgge

ggggggcget ga

<210> SEQ ID NO 45

<211> LENGTH: 43

<212> TYPE: PRT

<213> ORGANISM: Sphingomonas sp. ATCC53159

<400> SEQUENCE: 45

Ala

Asp

Gly

Thr

140

Asn

Asn

Ala

Thr

Asp

220

Ser

Thr

Phe

Asp

Pro

Arg

Ala

125

Asn

Phe

Val

Thr

Ser

205

Phe

Ala

Arg

Gly

Arg
285

Ile

Pro

110

Thr

Ala

Val

Val

Ala

190

Gly

Ala

Thr

Pro

Tyr

270

Leu

Ile

95

Trp

Lys

Val

Lys

Glu

175

Ile

Leu

Ser

Val

Ala

255

Arg

Leu

His

Arg

Leu

Ile

Thr

160

Asp

Leu

Tyr

Thr

Thr

240

Asn

Ala

Gly

Ile Arg Leu Cys Leu Gly Cys Trp Arg Ser Pro Lys Glu Ile Ala Gly

1 5 10

15

Trp Ser Glu Leu Ser Pro Lys Gly Lys Arg Ala Val Leu Glu Ala Leu

20 25

Pro Ala Arg Glu Arg Glu His Gly Gly Gly Arg
35 40

<210> SEQ ID NO 46

<211> LENGTH: 336

<212> TYPE: DNA

<213> ORGANISM: Sphingomonas sp. ATCC53159

<400> SEQUENCE: 46

getgcaggte gacggatcge cageggecte accatcaact atgcaccgga tgecateggtg

30

60

120

132

60
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ggccaccege cecggeccga ctggteggece ctgctggtga agacgeggeg catccagege 120
gaactctate tgttcaacat cgageggccg aagggcagge tgegetgget ggtceegttec 180
gtggcgcaac cggcgatgat cccacaggac gtggccaaga tcectgcegcac accgggtacce 240
aagggcgege gectegetge ggtcaccacg ctggtecgge tgeggetgtyg gegeggegge 300
gcecggcettgt tgcagttgcet cggecgcegac atctga 336
<210> SEQ ID NO 47
<211> LENGTH: 111
<212> TYPE: PRT
<213> ORGANISM: Sphingomonas sp. ATCC53159
<400> SEQUENCE: 47
Ala Ala Gly Arg Arg Ile Ala Ser Gly Leu Thr Ile Asn Tyr Ala Pro
1 5 10 15
Asp Ala Ser Val Gly His Pro Pro Arg Pro Asp Trp Ser Ala Leu Leu
20 25 30
Val Lys Thr Arg Arg Ile Gln Arg Glu Leu Tyr Leu Phe Asn Ile Glu
35 40 45
Arg Pro Lys Gly Arg Leu Arg Trp Leu Val Arg Ser Val Ala Gln Pro
50 55 60
Ala Met Ile Pro Gln Asp Val Ala Lys Ile Leu Arg Thr Pro Gly Thr
65 70 75 80
Lys Gly Ala Arg Leu Ala Ala Val Thr Thr Leu Val Arg Leu Arg Leu
85 90 95
Trp Arg Gly Gly Ala Gly Leu Leu Gln Leu Leu Gly Arg Asp Ile
100 105 110
<210> SEQ ID NO 48
<211> LENGTH: 837
<212> TYPE: DNA
<213> ORGANISM: Sphingomonas sp. ATCC53159
<400> SEQUENCE: 48
gtgacgacct cggacgagga gcagtttcceg ccgctegtece gectgatgat gatgcagttt 60
cagtcgggca tcttetgcaa cttectegac cggetgageg gcecacaagca cctgetgecg 120
gatcccaace attatggcetg cggectgcac tcgacegget cgggegggeg getgatgetce 180
cacatcgatg cctegegeca ccccaacaag aagctcagece agcagatcaa ctgcatctat 240
tactgcacgce cagactggca ggaggaatgg ggcggcgacce tggagctgtyg ggacgaggat 300
gcgaccaggt gegtttccag catcacgccce aagttcaatce gectcegegat cttecgegte 360
tcgggcaagt cgtggcacgg ccagccectte cegetgcaga cgecgcecgaa catccgecge 420
aactcgcteg cactctacta ctacagegca gaggaggata ccgagggteg cggctatteg 480
aacttecgtge gttggaaggg ccgtctegge geacgacaag cgcaccgege tgcaccgggt 540
gaagggcctyg atccgecgact atgegecgac cccggtgate aacggecteg ccaagttege 600
ccgcaagacyg gggctgaact tcaagegetg atggggetgt tetegegett tgcegecgea 660
cecgecggaat cgcectgteg caaggtetge cgectcegaca tggagatceyg getgtgectg 720
gggtgcetgge ggtecgeccaa ggaaatcgcece ggctggageyg agetgagtece taagggaaag 780
cgegeggtge tagaggcatt gecggegege gaacgggage atggeggggyg gcegetga 837

<210> SEQ I
<211> LENGT.

D NO 49
H: 278
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<212> TYPE:
<213> ORGAN

PRT

ISM: Sphingomonas sp.

<400> SEQUENCE: 49

Val Thr Thr
1

Met Met Gln

Ser Gly His

Leu His Ser

50

Ser Arg His
65

Tyr Cys Thr

Trp Asp Glu

Asn Arg Leu

115

Pro Phe Pro
130

Leu Tyr Tyr
145

Asn Phe Val

Ala Ala Pro

Asp Gln Arg

195

Ala Leu Met
210

Pro Cys Arg
225

Gly Cys Trp

Pro Lys Gly

Glu His Gly
275

<210> SEQ I
<211> LENGT.
<212> TYPE:

Ser Asp Glu Glu Gln

Phe Gln Ser Gly Ile

20

Lys His Leu Leu Pro

40

Thr Gly Ser Gly Gly

55

Pro Asn Lys Lys Leu

70

Pro Asp Trp Gln Glu

85

Asp Ala Thr Arg Cys

100

Ala Ile Phe Arg Val

120

Leu Gln Thr Pro Pro

135

Tyr Ser Ala Glu Glu
150

Arg Trp Lys Gly Arg

165

Gly Glu Gly Pro Asp

180

Pro Arg Gln Val Arg

200

Gly Leu Phe Ser Arg

215

Lys Val Cys Arg Leu
230

Arg Ser Pro Lys Glu

245

Lys Arg Ala Val Leu

260

Gly Gly Arg

D NO 50
H: 816
DNA

<213> ORGANISM: Sphingomonas sp.

<400> SEQUENCE: 50

atgctccacyg

cgcaactege

agcatcgegyg

ccggttgaat

tatgtggcga

ggcgagacgc

tgatcctgac

cgggctggct

gccagaccga

tcegegageyg

tgttcgacaa

tgatcgtcac

tcgettcaac

ggaacgccgt

gegecaactte

gatcgagcege

ggcgatgatce

cacgcggetyg

ATCC53159

Phe

Phe

25

Asp

Arg

Ser

Glu

Val

105

Ser

Asn

Asp

Leu

Pro

185

Pro

Phe

Asp

Ile

Glu
265

Pro

10

Cys

Pro

Leu

Gln

Trp

90

Ser

Gly

Ile

Thr

Gly

170

Arg

Gln

Ala

Met

Ala

250

Ala

Pro

Asn

Asn

Met

Gln

75

Gly

Ser

Lys

Arg

Glu

155

Ala

Leu

Asp

Ala

Glu

235

Gly

Leu

ATCC53159

atcgccagec

ttcggectgt

cactggctga

gatcgcecaga

gccgaggacy

gacaatgatg

Leu Val Arg
Phe Leu Asp
30

His Tyr Gly
45

Leu His Ile
60

Ile Asn Cys

Gly Asp Leu

Ile Thr Pro
110

Ser Trp His
125

Arg Asn Ser
140

Gly Arg Gly

Arg Gln Ala

Cys Ala Asp
190

Gly Ala Glu
205

Ala Pro Pro
220

Ile Arg Leu

Trp Ser Glu

Pro Ala Arg
270

cgggacgcga
tcgagcagtt
tctatttega
tcttcaattt
tgcgggcact

atgcggtgte

Leu Met
15

Arg Leu

Cys Gly

Asp Ala

Ile Tyr
80

Glu Leu
95

Lys Phe

Gly Gln

Leu Ala

Tyr Ser
160

His Arg
175

Pro Gly

Leu Gln

Glu Ser

Cys Leu
240

Leu Ser
255

Glu Arg

ggtggegatt
ctgectgeey
caaggatacg
taccccacge
cgcgacggeyg

gagcgattte

60

120

180

240

300

360
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gtegegeggyg tgcaggacge cgccaaggaa gcegecggege agaccgtget gaacttecec 420
cacggcatcg cgatgegggg cgggcaacte tacaccgcca gegatcacag cageccegtte 480
acctcgetgg tcgagaaaga cgtggecggg atcgagacga tetgggccaa gecgcaccac 540
gagctgggeyg agaagtggac gatccgecag gtgccgagca agecgctatyg getgeaggtg 600
gtgcacggceg agaatgtaac caaccggatc aagggcaage tggtttegga catcgacatc 660
atcaatatgt tcaagatccg cagcgatgte geegeacgge cggtggegge cggegegatt 720
ctgtgggace atgeggtgeg cacgecgate cggegettece gegaattegg tatcegectg 780
gtcaagccga tcgtggttcg gataagggat cgctaa 816

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 51
H: 271
PRT

ISM: Sphingomonas sp.

<400> SEQUENCE: 51

Met Leu His
1

Glu Val Ala
Leu Phe Glu
35

Asn Phe His
50

Arg Glu Arg

Tyr Val Ala

Leu Ala Thr

Asp Asp Ala

115

Lys Glu Ala
130

Met Arg Gly
145

Thr Ser Leu

Lys Pro His

Ser Lys Pro
195

Arg Ile Lys
210

Lys Ile Arg
225

Leu Trp Asp

Gly Ile Arg

<210> SEQ I
<211> LENGT.
<212> TYPE:

Val Ile Leu Thr Arg

Ile Arg Asn Ser Pro

20

Gln Phe Cys Leu Pro

40

Trp Leu Ile Tyr Phe

55

Ile Glu Arg Asp Arg

Met Phe Asp Lys Ala

85

Ala Gly Glu Thr Leu

100

Val Ser Ser Asp Phe

120

Pro Ala Gln Thr Val

135

Gly Gln Leu Tyr Thr
150

Val Glu Lys Asp Val

165

His Glu Leu Gly Glu

180

Leu Trp Leu Gln Val

200

Gly Lys Leu Val Ser

215

Ser Asp Val Ala Ala
230

His Ala Val Arg Thr

245

Leu Val Lys Pro Ile

260

D NO 52
H: 933
DNA

ATCC53159

Phe

Gly

25

Ser

Asp

Gln

Met

Ile

105

Val

Leu

Ala

Ala

Lys

185

Val

Asp

Arg

Pro

Val
265

Asn

10

Trp

Ile

Lys

Ile

Ile

90

Val

Ala

Asn

Ser

Gly

170

Trp

His

Ile

Pro

Ile
250

Val

Ile

Leu

Ala

Asp

Phe

75

Ala

Thr

Arg

Phe

Asp

155

Ile

Thr

Gly

Asp

Val
235

Arg

Arg

Ala Ser Pro

Glu Arg Arg

30

Gly Gln Thr

45

Thr Pro Val

60

Asn Phe Thr

Glu Asp Val

Gly Arg

Phe Gly

Glu Arg

Glu Phe

Pro Arg

Arg Ala
95

Thr Arg Leu Asp Asn

110

Val Gln Asp

125

Ala Ala

Pro His Gly Ile Ala

140

His Ser Ser

Glu Thr Ile

Pro Phe
160

Trp Ala
175

Ile Arg Gln Val Pro

190

Glu Asn Val

205

Thr Asn

Ile Ile Asn Met Phe

220

Ala Ala Gly Ala Ile

Arg Phe Arg

Ile Arg Asp
270

240

Glu Phe
255

Arg
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<213> ORGANISM: Sphingomonas sp. ATCC53159

<400> SEQUENCE: 52

atggcttgee cctacccgag cceggtgteg ceccctegte cegacagcat cgccaccgge 60
ctggegette gectgttege gatcgectge atgtcgacca tgteggeget catcaagatg 120
tcecgaactge geggegecte getgategag acgatgttte accgecaget ctgggeggtyg 180
ceettggtea cecetgtgggt cacgetgggg cegggcectea agtegctcag gaccgegegyg 240
tteggegege atgtetggeg caccgeggtyg ggacttaceyg gecatgatcett caccttegge 300
geggtgatee tgctgeccget cgccgaageg cagaccttece agttcacegt ceccatctte 360
gegacgetge teggegeget gatcectagge gaaccgaccg getggceacceg ctggagegeg 420
gtgatccteg ggttegtcegg cgtgettatce gtegtecage cggggcacga ggcgatceceg 480
gtgttceggty cgttegtggg cctgatggeg gegetgtteg tegecategt cgegatcacy 540
cteegecaga tcegggaagac cgaaagegece ggcaccacgg tgttetggtt ctegetgttg 600
teggtgeegg tgctgggege aatctatgece ttecactaca agcecccatga tgccgagace 660
tgggccatcee tgatcgecac gggcectggte ggeggegteg gecagetege gcetgacceggyg 720
gegatgeget tegetccegt gtceggecagtg gtgccgatgg actatteggg getgetetgyg 780
gegacgetet atggetgget getgttegge gtgctgecga cettttecac ctggetegge 840
gegecggtga tcatcgccag cggectgtac atcgtctate gegagcagaa getggcegege 900
ggccaggcta gctacgccga aacgccacta tga 933

<210> SEQ ID NO 53

<211> LENGTH: 310

<212> TYPE: PRT

<213> ORGANISM: Sphingomonas sp. ATCC53159

<400> SEQUENCE: 53

Met Ala Cys Pro Tyr Pro Ser Pro Val Ser Pro Pro Arg Pro Asp Ser
1 5 10 15

Ile Ala Thr Gly Leu Ala Leu Arg Leu Phe Ala Ile Ala Cys Met Ser
20 25 30

Thr Met Ser Ala Leu Ile Lys Met Ser Glu Leu Arg Gly Ala Ser Leu
35 40 45

Ile Glu Thr Met Phe His Arg Gln Leu Trp Ala Val Pro Leu Val Thr
50 55 60

Leu Trp Val Thr Leu Gly Pro Gly Leu Lys Ser Leu Arg Thr Ala Arg
65 70 75 80

Phe Gly Ala His Val Trp Arg Thr Ala Val Gly Leu Thr Gly Met Ile
85 90 95

Phe Thr Phe Gly Ala Val Ile Leu Leu Pro Leu Ala Glu Ala Gln Thr
100 105 110

Phe Gln Phe Thr Val Pro Ile Phe Ala Thr Leu Leu Gly Ala Leu Ile
115 120 125

Leu Gly Glu Pro Thr Gly Trp His Arg Trp Ser Ala Val Ile Leu Gly
130 135 140

Phe Val Gly Val Leu Ile Val Val Gln Pro Gly His Glu Ala Ile Pro
145 150 155 160

Val Phe Gly Ala Phe Val Gly Leu Met Ala Ala Leu Phe Val Ala Ile
165 170 175

Val Ala Ile Thr Leu Arg Gln Ile Gly Lys Thr Glu Ser Ala Gly Thr
180 185 190
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124

Thr Val Phe
195

Tyr Ala Phe
210

Ile Ala Thr
225

Ala Met Arg

Gly Leu Leu

Pro Thr Phe

275

Leu Tyr Ile
290

Tyr Ala Glu
305

<210> SEQ I
<211> LENGT.
<212> TYPE:

Trp Phe Ser Leu Leu

200

His Tyr Lys Pro His

215

Gly Leu Val Gly Gly
230

Phe Ala Pro Val Ser

245

Trp Ala Thr Leu Tyr

260

Ser Thr Trp Leu Gly

280

Val Tyr Arg Glu Gln

295

Thr Pro Leu
310

D NO 54
H: 20779
DNA

<213> ORGANISM: Sphingomonas sp.

<400> SEQUENCE: 54

getgcaggte

ggccaccege

gaactctatce

gtggcgcaac

aagggcgcgce

geeggettgt

gegtegeegg

gtcgagceege

dcggaagegy

geccagetee

ggCttggCCg

tggatcgtag

geecctegate

gaggceggecce

gggcgaccce

cgaggcggtt

cggcaggccyg

c¢gaggcgacy

cagcteggeg

gatcagcacyg

getgeeegte

cgccacgecyg

gaaattcgeg

gacggatcge

cceggeccga

tgttcaacat

cggcgatgat

gectegetge

tgcagttget

ccgategeat

aggcggccga

caatcgeegt

tgctecgacct

ctgaaccage

cggecgecga

tcaaggatcg

tggtccaggg

agcgcgagea

tegecgageg

atgacgttge

ccegegatca

acctgetgac

cgtgtgeceyg

ggcaggcggt

cgatggaaca

ttcgcacege

cagcggecte

ctggteggec

c¢gageggeey

cccacaggac

ggtcaccacyg

cggecgegac

tgcatcagac

tcatcageca

cctgegttte

gegecgecegt

catccgecga

cgaacttgeg

cctggtegag

cttecagege

ggtggatcat

cgatcatcte

ggcggatcga

ccagctggac

dgaaggcegga

tgatgtcgge

cggccaagtt

gcagceggcac

aggtcgcata

Ser Val Pro

Asp Ala Glu

Val Gly Gln

235

Ala Val Val
250

Gly Trp Leu
265

Ala Pro Val

Lys Leu Ala

ATCC53159

accatcaact
ctgctggtga
aagggcagge
gtggccaaga
ctggtecgge
atctgatcga
ggtggecage
cagatagacc
ggattcgagg
gatgtgcgeg
gegegaggece
catctegate
cgcacgacge
ggaatggtgg
gtgagtcagg
ctgcacctee
cggcegcataa
gegegecgaa
atcgctgacyg
gcacaggtcg
geegeegete
gtcttecage

getgacgata

Val Leu Gly
205

Thr Trp Ala
220

Leu Ala Leu

Pro Met Asp

Leu Phe Gly

270

Ile Ile Ala
285

Arg Gly Gln
300

atgcaccgga
agacgcggeg
tgcgectgget
tcctgegeac
tgcggetgtg
ceggegateg
gegtetteca
ggcagegtat
ccgagttgac
cceggcagea
tcgeccagey
accgcgegeg
agatgccegyg
cacagcagcc
tccggatega
gattccteca
ccgatcaget
cggtccgaca
cgatcatatt
gecagttege
tcecgectege
acggegegga

tagctggatt

Ala Ile

Ile Leu

Thr Gly

240

Tyr Ser
255

Val Leu

Ser Gly

Ala Ser

tgcatcggty
catccagege
ggtcegttee
accgggtace
gegeggegge
gecgacgage
gegtgecget
cgteggtgaa
cggtgagete
gatccaccac
cecgegacgag
geggeatgeg
cgtegacegt
gegegaaata
agcgaacgcc
geeggggeat
cctgcaggtt
ggttcttgat
cgtcegaggat
cgggcccgaa
cggcgttggg
agacatcget

cgcgggcgac

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380
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atcggtcage acgtggagca gcgaggtett gecgatgeceg cgctegecat agagcacgac 1440
atggctgege tggetctega tcgaggagat taggcegegece agcacgccga ggcgeccgge 1500
gaagctcegac cgatcggceca ccggetgggt gggtgtgaag aaggtcegeca gegegaacceyg 1560
ggcgegegtyg atctegegge getegtegeg geggcegatcee agegggeggt ccagegcegga 1620
ggcacggaag gttgggaaat ccgggcgacce acggccgcta tgggcatcge gatgeggeac 1680
cactgtcgca gtcagcggga aatagcccte ttecttcaggt tettectcgac ggccgaacgg 1740
ccacaagaat ctcagcgcgg aacctacagc cactcgaaca cctcttaaat tegtgcgeca 1800
teggeaccga cggegcacce tggttegege ceectggege ceectectaa cgaacccacyg 1860
ccttgectgg cctatcggeg cttgaagaac tcgtacggtt tgatcaccaa ggcgatgtac 1920
gccaggacca gagcgatcgt caaaattgca aagacgtgat aattctcatt gcccagataa 1980
ttggcgacgg cgcaaccgac tgcgggcggce aaatagctga tcatcgtgte ccggactgcece 2040
gaatcggcett gggaccgttg caggaatata acgatcaggc cggcaaatat cgcgatggtg 2100
acccaatcat agggcgtctg catgcatgtce ctttctattc gacaccggaa tcgaaccatt 2160
tceggegacyg ctattgcacg cactagecagt gegegeggece getegetagyg tagegecgca 2220
ccggataaac cgacgttaag atggcgcggce tcgatcgaaa tggagtcaaa cgggcttgece 2280
cggccgaceg aagcatggceg ccatggegea tgcaccgtat tgtgaccacyg caaaccgcga 2340
gggtcattceg atgcggttge ttgtacagga ggccattgat aatgaagccg agacccgggy 2400
gaacctttat gcaagtaaat ttcaatcgac aggctcgcaa gctcggtgcece ggcaatgcege 2460
tegegegggg ggggecegtyg cttgegetge ttgcgacege ggcatggaca caacctgege 2520
tggcgcageg acaggcattt gagtcccgce cctecggtag cgagcgacag gtcgatatte 2580
gegegacggyg gtegetggaa tatgacgaca acgtcegtget gaacgaccag cggatcacgg 2640
acggcgegeg tggcgatgtg atcgcatcge ccgggctgga cgtgacccta gttectgeccce 2700
gcgeccacegg gcagctctac ctcaccggca atgtcggata tcegettttac aagcgatata 2760
ccaactttaa ccgcgagcag atctcgctca ccggcggege agatcagcgg ttegectect 2820
gcgtegtgeca cggggaagtce ggctatcage gccacctcac cgacctgtcecce agcatcttga 2880
tccaggacac cacgectgceg ctcaacaaca ccgaagagge cceggcagtac accgeggata 2940
tcggectgegg cgcgacctac ggectgegge ctgccgttte ctacacccge aacgaagtgce 3000
gcaacagcect tgccgagcege cgatacgegg actcgaatac caacaccttt accgcacagce 3060
ttggcctgac ttcgectgece ctggggaccg tggeggtatt tgggcgtatg tecgacagca 3120
gctatgteca tcegegtectt ccecggcatta ccggccagga cgggatgaag agctacgegg 3180
ccggegteca getcgagege teggtggcca accgactceca tttcaacgge teggtgaatt 3240
acaccgaggt tgacccaaag ctcgcatcca ccaaaggatt caagggcgta ggatttaacg 3300
tttcecggega ttatgctggt gatcagtaca gcctccaatt getggcecttceca cgatcgccece 3360
agccttcecact tettetgtte gtgggttacg agattgtgac agcggttteg gegaatgcega 3420
cgegecgget gagegatcege attcagatat cgetgcaagyg cagecgaacce tggegegage 3480
tcgegtette geggectgete accaacgtge cgatttecegg caacgacaac acctcgacgt 3540
tgttcgecte cgctacctte cggccgaate gcecggctgag ctttgtgctg ggtgcecggece 3600
ttcagcggceg caccagcaac acgcagctat acagttacag ctccaaacgce atcaatctcet 3660
cgacgteget ttcgctctga caagggccgt aatcatgcat atcaagaatc gettcegtgaa 3720
tatctecgacg ttggecatcg ccgccgeget ggecacgeceyg geggeggege agatccccac 3780
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geggteegty ceegegecogg ccocgeccgeg gectgeaacyg cegecggege aacagcagaa 3840
ccaggegeceg tcgacgeccg cagcggcaac cecggcegeag accgecgcaa ccegttgecce 3900
tgcagcaacce gcacccgcag gttacaaaat cggegtggac gacgtgatceg aggccgacgt 3960
gecteggecayg accgacttca agacgegege cegtgtgcag geggacggca cggtgacect 4020
geectatetyg ggegecgtge aggtcaaggg cgagaccgeg acctcegeteg ccgaaaaget 4080
ggcegggetyg ctgegegecg gcggctatta tgccaagceg atcgtcageg tcgaaatcegt 4140
cggtttegte agcaactatg tgacggtgct gggccaggtg aacagttccg gectgcagcece 4200
ggtcgaccge ggctatcacg tttecgagat catcgecccecgt gecggceggece tgcgecccga 4260
agcggcecgat ttcecgtcecgtte tcacccgege cgatggetcecce agcgccaagce tggactacaa 4320
gaagctcegee caaggtggece ccaatgacga tccgatggtg acgccegggg acaaggtett 4380
tgtccecggaa gtcgagcatt tcectacattta tggtcaaatt aacgcgcctg gegtatacgce 4440
gattcgatceg gacatgacgce tcegtcecgege gectggeccag ggceggtgggce ttgcccecge 4500
aggctcegte aagcgtgtga aggtcacgcg ggatggcaat gaactcaagt tgaagctgga 4560
cgatccgatt ctcccaggeg acacgatcgt catcggcgaa cgattgttcet gatcttggcea 4620
acgatggcag cggacgaggc ccaccagtga atatcattca gttcttccge attctgtggg 4680
tgcgccgatg gatcatccte ceggegttte tegtttgegt taccactgece accattgtgg 4740
tccagtttet geccgaacge tacaaggcca ctacgcgggt ggtgctcgac acgtttaagce 4800
ccgatceegt caccggacag gtgatgagct cgcagttcat gecgcgectat gtcgagactce 4860
agacccagcet gatcgaggac tatgcgaccg ceggtcegegt ggtcgacgaa ctgggetggg 4920
tgaatgatcc ggcgaacatc tceccgegttca acaactcegtce cgcggcectgece accggcgaca 4980
tcegecgety getegecaag cagatcatcg acaataccaa ggecgatgtyg atggagggga 5040
gcaacatcct cgaaatcacce tattcggaca getcegeccga gegcegecgaa cgcatcgeca 5100
acctgatceg cacctegtte ctegeccagt cgetegeege caagegcecag gccgegacca 5160
agtcggecga ctggtacgcce cagcaggecg aagcetgceceeg cgattegete getgeggegyg 5220
tccaggeceg caccgattte gtgaagaaga ceggcategt getgaccgaa accggegecyg 5280
acctggaaac ccagaagctc cagcagatcg aggggcagac gacgaccgece accgecccgg 5340
ttgccatgge ccccagegge atgggeccgg cgcagatgea gcetegeccag atcgaccage 5400
agatccagca ggcagcgacce agcctaggte cgaaccacce aactttccag gcecttgcage 5460
ggcagcgega agtgttcegece aaggcagegg cggcggaacg cgcgcaggeg aacggcegtat 5520
ceggtecgge acgeggggece atcgaaageg cagcecaacge ccagegegeyg cgggtteteg 5580
gcaatcgtca ggatgtcgac aagcttacgce agctgcageg tgacgtctcecg ctgaagcagg 5640
atcagtacat gaaggcggca cagcgegteg cegatctgeg gcetggaagca agcagcaacyg 5700
atgtcggcat gtcgacgctce agcgaagcat cggegccgga aacgccctat taccccaagg 5760
tgccgcetecat catcggtggt gcagcecggct tceggectegg getcecggtcectg ctggtegege 5820
tgctecgtega getgectegge cgccgegtcee gcageccecga ggatctggaa gttgcgatceg 5880
atgcaccggt gectgggcegtg atccagagcce gcgecteget tgccgeccge cttegecgeg 5940
cccaagaaac ccteggegaa ggtgccgaca cgcacggage ttcagtaaac tgatggacge 6000
gatgaccage gaaccgctge ccgaaggcga tcgtcegage gecgtgecga ccacgcecgga 6060
tacgatcgge atgctcgaat accagctcgt cctetceccgat ccgaccggga tcegaggcgga 6120
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agcgatccege gegctacgca cgcgcatcat gacccagcac ctecgcegagyg gcecggegege 6180
gctegegate tgcgecgect cggegggatce cggctgcage ttcaccgecg tcaatctgge 6240
gacggcgcetyg gegcagatcg gcgttaagac tgcgetggte gatgccaatc tgcgcgatcce 6300
cagcatcgge gcagectteg gectcegecge cgacaagecce ggectggecyg attatctege 6360
ctcgggegat gtcgaccteg cctcecgatcat ccatgcgacce cgcecctcgacce agectctcegat 6420
catceeggee gggcatgtceg agcacagecce gecaggaactyg ctegegtecyg aacagttcca 6480
tgatctggcg acgcagctge tgcgcgagtt cgacatcacg atcttcgaca ccacggcgtce 6540
caacacctgce gccgacgegce agcgtgtcge gcatatcegece ggctatgcga tcatcecgtggce 6600
gegcaaggat gcgagctaca tccgegacgt gaacacgcetce agecgcacgce tgegtgcaga 6660
ccgcaccaac gtcatcggcet gegtactgaa cggctattga tttggaccat atggcagcga 6720
cegegatgac geggcagcag gagaggaagg geggtggceta ttggetggece gttgecggte 6780
ttgccgeget aaccatcceg accttcatca ccecectgggteg cgaggtttgg agtgcggaag 6840
gcggegtgceca gggtcecgate gtgctcecgeca cgggcgcectyg gatgcectggece cgccagtget 6900
cgacgatcga ggcgctacge cgccccggca gcgtgctget cggcegegcetg ttectgetgg 6960
cgacgcttge cttctacacc gttggacggg tgttcgactt catcagtgtce gaaaccttcg 7020
gactggtcge gacctatctg gtegtcecgect atctctattt cggtgccagg gtgctcecegtyg 7080
ccgectggtt ceccggtgetyg tggetgttet tectggtgee gecgecccgge tgggecegteg 7140
accgcatcac cgcaccgcte aaggagttcg tctectatge ggcaacgggce ctgctttect 7200
gggtggatta tccgatcctg cgccagggceg tgacactgtt cgtecggcccce tatcagetge 7260
tcgtcgaaga tgcctgtteg ggtctgeget cgetgtecag cctggtegte gtgacgetge 7320
tctacatcta catcaagaac aagccgtcct ggcgctacge ggcgttcatce gcagegetgg 7380
tgatcceggt ggcagtggtyg accaacgtcce tgcggatcat catcctggta ctgatcacct 7440
atcatctggg cgacgaggcg gcgcagagct tcctceccacgt ctccaccgge atggtgatgt 7500
tcgtggtege cectgectttge atcttegecga tcgactgggt ggtcgagcaa cttettetece 7560
tgcgtecggag gcatcatgtt caaccggcgt gacctgctga tcggcgcagg ctgcttegece 7620
geegetggeyg cctegetegg cctgaagecg caccggegga tggacctget gggeggcacce 7680
aagctcgaca cgctgatgcce caaggcattce ggcgcatgga aggcagagga taccggttceg 7740
ctgatecgege cggegegega aggcagectg gaggacaage tctacaacca ggtggtcace 7800
cgecgecttet ceccgegegga cggtgcccaa gtgatgetge tgatcgecta tggcaacgcece 7860
cagaccgatc tactgcagct gcaccggccg gaaatatget acccgttctt cggcettcacce 7920
gtggtggaaa gccatgagca gaccatccceg gtgacgecge aggtgacgat cecccggtege 7980
gegetgaceyg ccaccaactt caaccgcacce gagcagatcce tctactggac cegegtegge 8040
gaatatctge cgcagaacgg caatcagcag atgctegege ggctgaagag ccaggtccag 8100
ggctggatecg tcgacggtgt gctggtgege atctcgacgg tgacgcccga ggcggaagat 8160
ggcctgageg ccaatctcga tttegecgege gagctggtga agacgctcga cccgegegtyg 8220
ctgcgecege tgctegggaa cgggctcaca cggcageteg gtcaccaggt ctgaaccggt 8280
gegecgcacy cggegeccee ggcaacaaaa aaggagegge gegggecgeco gecgetcect 8340
cteccttetca tgcggcgecce tgccctcace gctegtgcag cgcgtcacte cecgtcetega 8400
gcacgggcecec caccagatag ctgaacaggg ttcgecttgec ggtgacgatg tccgegeteg 8460
cgagcatccee cggecgecage ggcacctgtg cgecatggge cagcacatac ccgegegceca 8520
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gcgegateceg cgecttgtag accggcggcet ggttcectectt catctgcacce geccteggggce 8580
tgatgcceccge caccgtgecg ggaatcatge cgtagcgggt atagggaaag gectgcagcet 8640
tcacctttac cggcatgccg atgtggacga agccgatgtce getgttgteg accatcacct 8700
cggectegag ccgggeattyg tegggaacca ggetgaggag cggettggee ccttecacca 8760
cgecgectte ggtgtggace tgcagctgcg agacggtacce gcectcaccgge gegcgcagtt 8820
cgcggaacga gctgegeaga ttegecttgg cgacgtecte gecgegggea cgcacctegt 8880
cctgegectt gaccagatcce tgcagcacct gcgecccgege ctectegege gtettggecg 8940
acaggctgga gacgctcage gactgetgge cgagtttgge gagegtageg cgegecgecg 9000
tcaggtectg cecgcteggeg atcagetgge gacgcatctce cacgacgcgce agcttcgaga 9060
catagcecctt ggcggccatce gtcectegtteg cggcgatcetg ctgttcgage agcggcagceg 9120
actgttcgag cttecegeace tgtgectgeg ccteggecge ggecegagacyg geggcaccege 9180
gatcggageg gecgecggee agegecegect cgatctggee cagecgggeyg cgggegagge 9240
cgegatgegt cgecactteg ceegggetgg cggeggeagg cgcgacgaag cggaageccce 9300
tgccgtecag cgcgtcecgatg atcgectggt tgegtgegge gtcgagcectgg gegctgagca 9360
gegecacctt cgectgtgee gectcegeeyg acgacacggt cgggtcegage gtgatcagea 9420
cctggeectt ggcgacctte tgcccctcecge ccaccaggat geggcggacg atccccgatt 9480
cgggcgactg gacgatcttg gtcectcecgecga tcecggcgcegat cecgceccectge gteggegega 9540
cgacttcgac cttgecgate gecagecagg cggeggtgat cgccageecg gecagcatca 9600
ccttggeggt aageegegeg gtgggegaaa ccggecgete gatgatctee agegeggeag 9660
gcaggaaggce ggtgtcataa gegtcgacge gggcaggcag cacggtateg cgecatgeggg 9720
cgagegggece geogoeggege atcggaacaa cggegtteat geggcaatct ccccatagec 9780
geectggegyg cggtgcaggt cggcatageg gecgeccagg cgcaacaatt cgtegtgteg 9840
gccgeteteg acgatgegge cctgttecgag cgtgatgate cggtcecgcagce tgcgcaccgce 9900
getcaggega tgegegatca ccacgagegt geggecggee gagatggege geaggttgtt 9960
ctggatcagce tcctecgctet cggcatcgag cgccgaggte gcecttegtcecga acaccaggat 10020
gcgeggattyg ccgacgagcg cgcgggcegat ggcgagceccge tggegctggce cgcecggagag 10080
attgacgcecg cgctcgacga tectcecggtgte atageccgege ggctggcgca ggatgaaatce 10140
atgcgegecg gecagcegteg ccgccgegac gacattcteg aacggcatgg cggggttgga 10200
gagcgcgatg ttcectcecgegga tcgagcggcet gaacagcaga ttcectcectgca gcacgacgee 10260
gatctggcga cgcagccagg cgggatcgag ctgcgccacg tcgacctegt cgaccagcac 10320
gcggcecgaga tteggcaggt tgagccgctg gagcagcttg gcecagcegtcecg acttgecccga 10380
gcccgacgaa ccgacgatge cgagcgaggt gecccgecgga atgtcgageg tgatgtcecget 10440
cagcaccggce ggctggtect cggcatagcg gaagctgaca ttctcgaage gaatcgcacce 10500
gcgcagcacce ggcagcgtcg ccgecgagge cgggcegceggt tcecaccggat ggttgagcac 10560
gtcgeccage cgctcecgaccg agatgcgcac ctgctggaaa tcectgccaca gctgegcecat 10620
gcggatcacce ggcccggaca cgcegctggge gaacatgttg aacgccacca gcgegcectac 10680
gctcatcgeg ccgecgatca ccgecttgge gecgaagaac aggatcgecg cgaagctcag 10740
cttcgagatc agctcgatcecg cctggetgcec ggtgttggeg gtattgatca gecgetgega 10800
cgeggeggta tgggcggcega getggegcete ccagcgatte tgccagtgeg getcgaccge 10860
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ggtcgecttyg atcgtgtgga tgcccgagac gcectctcgacg agcagcgegt tgctggcegga 10920
gctetteteg aacttgtect ccaccecgege geggagcgge ccggcgacgce tgaacgatac 10980
gatcgcatag gcgatcagcg acacgagcac gatgcccgag agcatcggcg agtagaacag 11040
catcgeggeg aggaacacga aggtgaacag cgggtccacce atcaccgtca gecgaggcget 11100
ggtaaggaat tcgcggatcg tctcegagetg geggacgcgg gtgacggtgt cgeccacgeg 11160
gcgetteteg aaataggcga gcggcagcgce cagcaggtgg tggaacagcece gggcacccag 11220
ctcgacgteg atcttctgeg tegtcecteggt gaacaggcegg gtgcggatcce agecgagege 11280
cacttcceccac accgaaaccg ccaggaaggc gaaggcgagce acgctcagceg tgctcatget 11340
gttgtggatc agcaccttgt cgatcacgct ctggaacaac agcggcgcgg cgaggccgag 11400
caggttgagc gcgagggtga tgccgagcac ctcgaggaac agcgtgcgat agcgceccggaa 11460
ctgcgeggtyg aaccaggaga ggccgaaccg cagcggcecegt cccgccaccg cgegggtggt 11520
gagcagcacc agcgcgcecgg accagatcge gtccagegeg tccecggtega cctgttceegg 11580
ggcatggccec gggcgctgga tgatcacgec atgtteggte aggccgccga tcacgaacca 11640
gcctteggge cegteggcecga tcecgegggcag cggctggcegg gcgagteege cgegeggcac 11700
ctcgacggece ttggcgcgca cgccctgetg gecgettggee aggaggatca ggtcgtegge 11760
gcttgeecgee teggcatgge ccagcgegtg gegcagcetgt tcegggcecgtga tggegatgtt 11820
gtgcgcgecg agcagcagcg acaacgccac cagtccggat tcegecgcagcet ccgectcecgeg 11880
ctececgecgece ccatgggeceg cgagcegegcet ctgcagggtg gcectgecattt cgtcgegtgt 11940
catttcegga actctgccte catggcgata ctgagagcge catgatgaag aaggctggta 12000
aagactcact taatcctagc ttttctggta tttaccecgta gctgccgacce cgatttggga 12060
caggcctgge ttagcaggtce cttaaactcg accgactata ccgcgacgcce gaggaggggg 12120
aggattggcg ccgcatcgeg cggcgaaacg cgggtgcgte gcaacatttce gecggagtceg 12180
atccgtegeg aatgctgcac ccgcgaacgce aatgacggcce gccacgcaat ccggettgat 12240
ccegggegge ggatcgcgat aagccgcgcece acggtcgceca aaactcgtceg aaataaccga 12300
caaaaccacg gcatatggct ggatattgca gcgtttgcce tgcgtttcecg tegttcaacce 12360
gcccttecgaa tcaggcaggce ccagcgtgac catgattgat cttectcecttg gaacggcaca 12420
ctttggtcga cacggagact tccggteggg caattgtcce gttatagtge aatgcaacag 12480
gccgaategg ccegetgtcegg cgtgcacatt cecgttgaggg agcccgatga ggcaatgaac 12540
gctttcgaag cacagcgcge ctttgaggag caacttcggg cgcattcccg ggttacgceca 12600
tctgeecgete cegtgtggeg tegctegacg ctgeggatgg tectcectatac cgagttgetg 12660
ctgctggaca gtctctcgat cctggecgga ttccacgtceg cggcegggcac gegcgacgge 12720
aactggcectgt cgctggcggg catcaacgtc ggcgtcttcee tgctgecgat cgctetegge 12780
accgcgeteg caagcggcac ctactcegetg aactgcctge gctacccecggt cagcggegtg 12840
aagagcatct tctcggcatt cttctteteg atcttegteg tectgetegg cagctacctg 12900
ctgacggcecg agctgceccget gtceccecgegtg cagetggegg agggcgcgat cctcectegetg 12960
gtcectectga tggtgggccg cctgatgtte cgccgceccacyg tcecgegeggt taccggegge 13020
aggctgctcg acgaactggt catcatcgac ggcgtctege tcgacgtcecge gggcaatgeg 13080
gtcgegeteg acgecgeggat catcaatctce tcgccgaacce cgcgcgatcce gcaaatgcetg 13140
catcgectgg gcaccaccgt gatcgggttce gaccgggtga tcgtegectg caccaaggag 13200
catcgegegg tectgggceget getgctcaag ggcatgaaca tcaagggcga gatcctegte 13260
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ccecagttca atgcegectggg cgcgatcgge gtggacgect ttgacgggaa ggatacgctg 13320
gtcgtectege agggceccgcet caacatgccce aaccgcgcga agaagcgcegce gctcegatcte 13380
gcgatcacceg taccggecgt gctegegetg gegceccegctga tgatcctggt ggcecgatcctg 13440
atcaagctgg agagcccggg cecggtgttg ttegegcagg atcgegtcegg ccecgcggcaac 13500
cggctgttca agatcatgaa gttccgeteg atgegcgtaa cgctgtgcga cgcgaacgge 13560
aacgtctecgg ccageccgega cgacgatcge atcaccaagg tcggccgctt catccecgcaag 13620
accagcatcg acgaactgcc gcagctgcetg aacgtgctge gcggcgacat gagcgtegte 13680
ggcecegegge cgcatgegcet gggctecgege gecgecgate acctgttcetg ggaaatcgac 13740
gagcgctact ggcaccgcca cacgctcaag ccgggcatga ccggtcectgge ccaggtgcege 13800
ggtttcecgeg gggcgaccga tcgecgegte gatctgacca accggctcecca ggcagacatg 13860
gaatatatcg acggatggga tatctggcgce gatatcacga tcctgttcaa gacgctgcegg 13920
gtgatcgtge attcgaacgce attctgatcc gecgcacgacg ctgggccgca gcctecgatce 13980
gcaaatggat tgacagcggce ccggcttcecg ttttetegtt tgattttegt tgcggccggt 14040
ccgcgecatg ggggattact gaatgaaggg catcatcctt gecggggggca gegggacgeg 14100
cctgtacccece gcaacgctat cgatctcgaa gcagctgcett cceccecgtcectatg acaagecgat 14160
gatcttctat ccgetgtcgg tgctgatget caccggcatce cgggacatcce tgattatcte 14220
cacccegege gacctgccga tgttcecagge gctgctggge gacggcectcegg cctteggcat 14280
caacctcagce tatgccgagce agccctecce caacgggctg gccgaagcegt tcatcatcgg 14340
cgcggattte gtcggcaacg atcccagcecge gctgatcctg ggcgacaaca tctatcacgg 14400
cgaaaagatg ggcgagcgct gccaggcagce cgcagcgcag gcagcgcagg gcggtgcaaa 14460
cgtcttegee tatcatgteg acgaccccga gcgctacgge gtggtegegt tcegacccgga 14520
gacgggcgte gccaccagcg tcgaggaaaa gccggcecgag cccaagtcca actgggcecgat 14580
caccggectyg tatttctacg acaaggacgt ggtcgacatce gccaagtcga tccageccte 14640
ggcgcgcegge gaactcgaga tcaccgacgt caaccgcegtt tacatggagce gcggcgacct 14700
gcacatcacg cgcctecggcee gcggctatge ctggctcgac accggcacgce atgacagcect 14760
gcacgaagcec ggctcegttceg ttegcacget cgagcatcgg acgggcgtga agatcgectg 14820
cceggaggaa atcgectteg aaageggcetg gcteggegee gaagacctge tcaagegcege 14880
cgeccggecte ggcaagaccg gctatgecge ctatctecge aaggttgcga ccgcagcatg 14940
acccaggtcce atcatcacga actgtcecgge gtcatcgagt tcacgeccgcece caaatatgge 15000
gaccaccgeg gcttettcecte cgaagtgttce aagcagtcgg tgctcgatgce cgaaggcegte 15060
gaggcacgct gggtgcagga caatcagagc ttcteggcgg ccccgggcac gatcecgegge 15120
ctgcatctce aggcgccgece cttecgeccag gccaagetgg tceccecgegtgtt gegeggegeg 15180
atcttcgacg tecgcggtega catccecgtcege ggctcecgecca cctatggcaa atgggtegge 15240
gtcgagctet cggccgagaa gtggaaccag ctgctggtec ccgecggcta tgcgcacgge 15300
ttcatgacgce tcgttccgga ttgcgagatc ctctacaagg tcagcgccaa atattcgaag 15360
gattcggaga tggcgatccg ttgggacgat cccgatcteg ccatcgectg geccggacatce 15420
ggcgtcgage cggtectcecte cgaaaaggac gcggtcegcca cgcceccttege cgaattcaac 15480
accceettet tectatcaggg ctgagecatg cagcagacct tectegtcac cggcggegece 15540
ggcttcateg gecteggeggt ggtgcgecac ctcecgtecgee agggcgcgceg cgtcatcaat 15600
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ctcgacaagce tcacctatge cggcaacccg gcctcecgetga ctgcgatcga gaacgegcecece 15660
aactatcgcet tegtceccatge cgacatcgcec gacaccgcga cgatcctacce getgetgege 15720
gaggagcagg tcgatgtggt gatgcacctc geccgeccgaga gccatgtcecga tcgetcgate 15780
gacggcccetyg gcecgagttcat cgagaccaat gtcgteggca ccttcaagcet gctecagteg 15840
gcgetgcaat attggcgcga gctggagggce gagaaacgceg acgcgttceccg cttecaccac 15900
atctccaccg acgaagtgtt cggcgacctg ccgttcgaca gcggcatctt caccgaagag 15960
acgccctatg atccectecte gecctatteg gecgtcgaagg cggcgagcga ccatcectggtg 16020
cgegectggg gcecacaccta tggectgeceg gtggtgetgt cgaactgctce gaacaattac 16080
gggcegttec acttccccga gaagctgatce ccgttgacca tcectcaacgce gctcecgaggge 16140
aagccgcetge cggtctacgg caagggcgag aatatccgeg actggcectgta tgtcgacgat 16200
cacgccaagg cgctggcgac catcgccacce accggcaagg tcggccagag ctacaatgte 16260
ggcggccgcea acgagcggac caacctgcag gtggtcgaga cgatctgcga cctgctcgac 16320
cagcgcattce cgctggccga cggtcecgcaag cgccgcgaac tgatcacctt cgtcaccgat 16380
cgccceeggece atgaccgeeg ctacgcegate gacgcgacca agctcgagac cgagcetggge 16440
tggaaggctg aggagaattt cgacaccggc atcgccgcga cgatcgactg gtatctggeg 16500
aacgagtggt ggtggggccc gatccgctcece ggcaaatatg ccggcgageg gectggggcag 16560
accgcectgat gegtatccte gtcaccggge atgacggcca ggtcegeccag tegctggeceg 16620
agcaggcggt gggccacgag ctggtcettca ccacctacce cgaattcgat ctcteccaage 16680
cggagacgat cgaggccggt gtggcecgeggg tgcacccgga cctgatcecgte tecgecgeeg 16740
cctacacggce ggtcgacaag gcggaaagcg aacccgagct ggcgatggceg atcaacggeg 16800
acggtcecgg cgtgctggeg cgcgcegggceyg cgaagatcgg cgcgccgatce atccacctgt 16860
cgaccgatta tgtgttcgac ggcagtctceg accgcccttg gecgcecgaggac gatcccaccg 16920
gccegetegyg cgtcectatgge gcgaccaage tggccggcga gcaggcecggtg caggectcegg 16980
gtgccaccaa cgccgtgate cggctggect gggtctacag cccgttecggce aacaatttcecg 17040
tcaagacgat gctccgcecte gecgagacgce gcgacgcegct gaacgtcegtg gaggaccagt 17100
ggggctgecee cagttcggcg ctggacatcg cgaccgcgat cctgacggtg gtcegggcact 17160
ggcagcagga cggcgcgacg agcggcectet accatttcecge cggcaccggce gagaccaact 17220
gggccgactt cgcatcgacg atcttecgeceg agagcgccaa gcgceggtgge cccteggceca 17280
ccgtcaccgg cattcecccage tegggctate cgactcecgge cacgcgceccg gccaattcge 17340
ggctggactg cacccgcectte gcggagacct tcggctaceg ggcgcectgece tggcaggatt 17400
cgctgaacgt cgtactggat cgcctgctceg gctgatccga aacggggggce ctcagegcecce 17460
ccegecatge tecegttege gegecggcaa tgcctctage accgegeget ttecceccttagg 17520
actcagctecg ctccagcegg cgatttectt gggcgaccge cagcacccca ggcacagceceg 17580
gatctccatg tcgaggcgge agaccttgeg acagggcgat tccggceggtg cggceggcaaa 17640
gcgcgagaac agccccatca gcgcettgaag ttcagecceg tcettgcgggce gaacttggeg 17700
aggccgttga tcaccggggt cggcgcatag tcgcggatca ggceccttcac cecggtgcage 17760
gcggtgceget tgtegtgcge cgagacggcec cttcecaacge acgaagttcg aatagccgeg 17820
acccteggta tectectetg cgctgtagta gtagagtgeg agcgagttge ggcggatgtt 17880
cggcggegte tgcagcggga agggctggcece gtgccacgac ttgcccgaga cgcggaagat 17940
cgcgaggcga ttgaacttgg gegtgatgct ggaaacgcac ctggtcgcat cctcecgtccca 18000
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cagctccagg tecgccgcecece attcectectg ccagtctgge gtgcagtaat agatgcagtt 18060
gatctgctgg ctgagecttcet tgttggggtg gecgcgaggca tcgatgtgga gcatcagecg 18120
ccegeccgag ccggtcgagt gcaggcecgca gccataatgg ttgggatccg gcagcaggtg 18180
cttgtggceg ctcagceccggt cgaggaagtt gcagaagatg cccgactgaa actgcatcat 18240
catcaggcgg acgagcggcg gaaactgctce ctcgtccgag gtcecgtcacct ttcgatcttg 18300
cgatcaccgce tgtgcgcget atcgeccgge ccttceccagge gccagttgac gtegtecage 18360
ttecgggaagg catccccgag ccgccgegece acgtcegtegg gcaggaaatt gtcgatcgeg 18420
acatgctcat agggctcggce gttcaggaag cgatcatgat attcgtccge gagcgcatat 18480
agcttetege gegtgaagaa gaagaagtcce gaagtatctg caccgaccga catgcaatcce 18540
cceccgaaga aacggacgca gcgatcataa acgattcacce gcaatcgcegt aaccegtcectt 18600
gcacagcacc dgtaacactta gcgatccctt atccgaacca cgatcggcectt gaccaggcegg 18660
ataccgaatt cgcggaagcg ccggatcggce gtgcgcaccg catggtccca cagaatcgeg 18720
ccggecgeca ccggecgtge ggcgacatceg ctgcggatct tgaacatatt gatgatgtceg 18780
atgtccgaaa ccagcttgece cttgatccgg ttggttacat tcectegecgtg caccacctge 18840
agccatageg gettgctegg cacctggegg atcgtcecact tetcegeccag ctegtggtge 18900
ggcttggecece agatcgtcte gatcccggec acgtcectttet cgaccagcga ggtgaacggg 18960
ctgctgtgat cgctggcggt gtagagttgce ccgecccegca tcgcegatgece gtgggggaag 19020
ttcagcacgg tctgcgcegg cgcttecttg gecggcgtect gcaccecgege gacgaaatcg 19080
ctcgacaccg catcatcatt gtccageccge gtggtgacga tcagcgtcte geccgecgte 19140
gcgagtgecc gcacgtecte ggcgatcatce gecttgtcga acatcgccac atagegtggg 19200
gtaaaattga agatctggcg atcgcgcteg atccgctcecge ggaattcaac cggcegtatce 19260
ttgtcgaaat agatcagcca gtggaagttg cgctcggtcect ggcccgcecgat getcggcagg 19320
cagaactgct cgaacaggcc gaaacggcgt tccagccage ccggcgagtt gecgaatcgee 19380
acctcgegte cecgggctgge gatgttgaag cgagtcagga tcacgtggag catggggttg 19440
atcagcectt gtttgcggaa ggaatggcgce ggggcacggce gaccgggcat gccaggaacce 19500
gggagcggceg cttegcgaca tggcggagcet tcgcecctgaa tggcacgcegce tgcacggcetg 19560
ctagccceccct ttattgcegt tcacctgett cggttaaggg atattccgga geccggcaac 19620
cggcgattge tgcgectgege aatgaacggce gccgccgegt ggtggccaag ggcgcegccaa 19680
tccacacctg cecgggceccgge gatcgegege ccaaagcegcce gccaacgcat tcgcaagget 19740
tgcgaaataa atggcttgecc cctacccgag cccggtgteg ccecccectegte ccgacagcat 19800
cgccaccegge ctggecgcette gectgttege gatcgcectge atgtcgacca tgtcggeget 19860
catcaagatg tccgaactgc gecggcgecte gctgatcgag acgatgttte accgecaget 19920
ctgggeggtyg ccecttggtca cectgtgggt cacgctgggg ccgggcectca agtcgetcag 19980
gaccgcgegg tteggegege atgtcectggeg caccgeggtg ggacttaccg gcatgatcett 20040
caccttegge geggtgatcece tgctgecgcet cgccgaagceg cagaccttece agttcaccgt 20100
ccecatette gegacgctge teggegeget gatcctagge gaaccgaccg gectggcaccg 20160
ctggagcegeg gtgatccteg ggttegtcegg cgtgcttate gtcegtceccage cggggcacga 20220
ggcgatceeg gtgtteggtg cgttegtggg cctgatggeg gegetgtteg tecgecatcegt 20280
cgcgatcacg ctccgceccaga tcegggaagac cgaaagcgcce ggcaccacgg tgttetggtt 20340
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ctegetgttg teggtgcegg tgctgggcege aatctatgee ttceccactaca agccccatga 20400
tgccgagacce tgggccatcce tgatcgeccac gggcctggte ggcggegteg gecagetcge 20460
gctgaccggg gcgatgegcet tcegcetceccegt gtcggcagtg gtgeccgatgg actattcggg 20520
gctgetetgg gecgacgetcet atggctgget getgttegge gtgectgccga ccttttceccac 20580
ctggctegge gecgcecggtga tcatcgeccag cggcectgtac atcgtctatce gecgagcagaa 20640
gctggcgege ggccaggcta gctacgcecga aacgccacta tgaggttgtt ggegggcatce 20700
gccacccgece gctcecgaacac cagceccctge getteegeeg ccegeccacgac atcgecccage 20760
aaccgcaggce cccaggcgg 20779

What is claimed is:

1. A mutant strain of a genus Sphingomonas, comprising:
at least one genetic modification that substantially or entirely
eliminates a production of polyhydroxybutyrate (PHB); at
least one genetic modification that results in increased pro-
duction of a sphingan, wherein said genetic modification
resulting in increased production of a sphingan comprises a
genetic modification that increases the expression of at least
one gene involved in sphingan synthesis, wherein said at least
one gene involved in sphingan synthesis is selected from the
group consisting of the genes-contained in the plasmid con-
tained in strain ATCC PTA-10102 and the plasmid contained
in strain ATCC PTA-10103; whereby the mutant strain of the
genus Sphingomonas produces an increased production of a
sphingan that is essentially free of PHB relative to a congenic
strain containing the at least one genetic modification that
substantially or entirely eliminates the production of PHB
and lacking the at least one genetic modification that results in
increased production of a sphingan, wherein the sphingan is
diutan, and wherein the mutant strain of the genus Sphin-
gomonas is able to produce diutan at a rate of at least about
0.15 g/L/hr or a yield of diutan of at least about 12 g/L..

2. The mutant strain of the genus Sphingomonas of claim 1,
wherein the at least one genetic modification that results in
increased production of a sphingan is selected from the group
consisting of: (i) an operable linkage of at least one gene
involved in sphingan synthesis to an ectopic promoter; (ii) an
increased number of copies per bacterial chromosome of at
least one gene involved in sphingan synthesis; and (iii) any
combination thereof, wherein each of said at least one gene
involved in sphingan synthesis are contained in a bacterial
chromosome or extrachromosomal element.

3. The mutant strain of the genus Sphingomonas of claim 1,
wherein the at least one genetic modification that substan-
tially or entirely eliminates the production of PHB is a muta-
tion that constitutively or conditionally inactivates or deletes
a gene selected from the group consisting the phaA gene, the
phaB gene, and the phaC gene or a combination thereof.

4. The mutant strain of the genus Sphingomonas of claim 1,
wherein the at least one genetic modification that substan-
tially or entirely eliminates the production of PHB is an
insertion or deletion that inactivates the phaC gene.

5. The mutant strain of the genus Sphingomonas of claim 1,
wherein the mutant strain of the genus Sphingomonas is able
to produce diutan at arate of at leastabout 0.2 g/L/hrora yield
of diutan of at least about 15 g/L..

6. The mutant strain of the genus Sphingomonas of claim 1,
wherein the mutant strain of the genus Sphingomonas
increases the rate of production or yield of diutan by at least
about 50% relative to a congenic strain containing the at least
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one genetic modification that substantially or entirely elimi-
nates the production of PHB and lacking the at least one
genetic modification that results in increased production of a
sphingan.

7. The mutant strain of the genus Sphingomonas of claim 1,
wherein the diutan produced from the mutant strain of the
genus Sphingomonas is clarified to yield less than 0.5% resi-
due in a 15% HCl solubility and residue test, or less than 0.1
wt % PHB when measured using gas chromatography.

8. The mutant strain of the genus Sphingomonas of claim 1,
wherein the diutan produced from the mutant strain of the
genus Sphingomonas is clarified, and wherein the clarified
diutan is rehydrated as one liter of 0.04% diutan in seawater
can pass through a polycarbonate membrane filter in less than
five minutes at a flow pressure of approximately 20 psi;
wherein the polycarbonate membrane filter is approximately
47 mm in diameter and has a pore size of approximately 3
microns.

9. The mutant strain of the genus Sphingomonas of claim 1,
wherein the diutan produced from the mutant strain of the
genus Sphingomonas is essentially free from PHB, and
wherein the diutan is clarified to exhibit a sea water 3 rpm
viscosity of at least about 40 dial reading, a sea water 0.3 rpm
viscosity of at least about 37,000 cp, or a low shear rate
viscosity in the presence of polyethylene glycol dispersant of
at least about 3,500 cp.

10. A mutant strain of a genus Sphingomonas, comprising:
at least one genetic modification that substantially or entirely
eliminates a production of polyhydroxybutyrate (PHB); at
least one genetic modification that results in increased pro-
duction of a sphingan, wherein said genetic modification
resulting in increased production of a sphingan comprises a
genetic modification that increases the expression of at least
one gene involved in sphingan synthesis, wherein said at least
one gene involved in sphingan synthesis is selected from the
group consisting of the genes contained in the insert in the
plasmid contained in strain ATCC PTA-10102, and the plas-
mid contained in strain ATCC PTA-10103; whereby the
mutant strain of the genus Sphingomonas produces at least
50% increased production of diutan that is essentially free of
PHB relative to a congenic strain containing the at least one
genetic modification that substantially or entirely eliminates
the production of PHB and lacking the at least one genetic
modification that results in increased production of a sphin-
gan.

11. The mutant strain of the genus Sphingomonas of claim
10, wherein said at least one gene involved in sphingan syn-
thesis is selected from the group consisting of the genes-
contained in the insert in plasmids pS8 (SEQ ID NO: 1) and
pX6 (SEQ ID NO: 54).
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12. A mutant strain of a genus Sphingomonas, comprising:
at least one genetic modification that substantially or entirely
eliminates a production of polyhydroxybutyrate (PHB); at
least one genetic modification that results in increased pro-
duction of a sphingan, wherein said genetic modification
resulting in increased production of a sphingan comprises a
genetic modification that increases the expression of at least
one gene involved in sphingan synthesis, whereby the mutant
strain of the genus Sphingomonas produces an increased pro-
duction of a sphingan that is essentially free of PHB relative
to a congenic strain containing the at least one genetic modi-
fication that substantially or entirely eliminates the produc-
tion of PHB and lacking the at least one genetic modification
that results in increased production of a sphingan, wherein
said at least one gene involved in sphingan synthesis is
selected from the group consisting of the genes-contained in
the insert in plasmids pS8 (SEQ ID NO: 1) and pX6 (SEQ ID
NO: 54), wherein the sphingan is diutan, and the mutant strain
of the genus Sphingomonas increases the rate of production
or yield of diutan by at least about 50% relative to a congenic
strain containing the at least one genetic modification that
substantially or entirely eliminates the production of PHB
and lacking the at least one genetic modification that results in
increased production of a sphingan.
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